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TESTS  WITH  HOLLOW  BRICK  ARCH. 


(Conclusions  and  recommendations  on  pages  6  and  7.) 

INTRODUCTION. 

1.  For  the  improvement  of  combustion  in  locomotive  fireboxes 
many  devices  have  been  suggested,  one  'supposed  to  have  merit 
being  the  hollow  arch.  This  arch,  in  addition  to  maintaining  a 
uniform  furnace  temperature,  by  its  mass  of  heated  bricks,  also 
admits  air  above  the  fire  to  unite  with  the  combustible  gases. 
Combustion  of  these  gases  is,  in  many  cases,  but  partly  completed 
on  account  of  the  limited  supply  of  air  that  is  drawn  through  the 
grates,  and  it  has  been  thought  that,  if  additional  air,  passing 
through  a  hollow  arch  and  becoming  heated,  could  be  mixed  with 
the  gases,  combustion  would  be  completed  with  beneficial  results 
in  economy  of  coal  and  emission  of  smoke.  These  expectations 
in  regard  to  air  admission  were  not  realized,  however,  and  the  hol¬ 
low  arch  did  not  show  any  marked  advantages  over  an  arch  with¬ 
out  air  admission,  but  the  advantages  of  the  latter  are  brought  out. 

Description  oe  the  Arch. 

2.  A  detail  of  the  arch  and  the  method  of  its  application  are 
shown  in  Fig.  6.  As  will  be  seen,  the  arch  was  formed  of  fire-clay 
segments  8f  inches  wide,  made  in  two  pieces  and  fitted  together 
at  the  center  of  the  span.  These  segments  were  hollow,  having 
air  passages  through  them.  The  arch  was  supported  by  angle 
irons  held  by  studs  in  the  firebox  sides.  Air  was  admitted  to  the 
air  passages  by  holes  drilled  in  the  dead  grate  castings  at  the 
front  of  the  firebox. 

3.  The  combined  area  of  the  six  air  passages  through  the 
arch  was  about  60  square  inches,  or  only  0.75  per  cent,  of  the  grate 
area.  The  total  area  of  the  openings  in  the  dead  grate  below  was 
140  square  inches. 


(2) 


3 


Method  of  Making  the  Tests. 

4.  An  arch  of  the  hollow  brick  form  arranged  for  air  admission 
was  applied  to  class  “E2a”  locomotive  No.  5266,  and  with  modi¬ 
fications,  tried  out  in  a  number  of  tests,  other  tests  being  made 
on  the  same  locomotive  without  an  arch,  all  on  the  Locomotive 
Testing  Plant,  for  the  purpose  of  determining  to  what  extent  the 
amount  of  smoke  could  be  reduced  by  such  means,  and  whether 
and  how  much  the  evaporative  efficiency  of  the  boiler  could  be 
improved. 

5.  All  of  the  tests  with  arch,  with  one  exception.  No.  900.16, 
were  made  at  a  speed  of  about  38  miles  per  hour,  or  nearly  160 
revolutions  per  minute,  with  a  cut-off  of  25  per  cent,  and  fully 
open  throttle. 

Modifications  of  Arch: 

6.  The  first  arch  tried  was  the  short  form  as  shown  in 
Fig.  4.  The  arch  was  next  extended,  as  shown  in  Fig.  5,  and  in 
order  to  strengthen  the  end  support  for  the  arch  it  was  necessary 
to  cover  15  tubes. 

7.  The  arch  in  the  second  form  cracked  between  the  air 
passages,  and  just  after  the  test  was  completed  the  lower  part  of 
the  arch  separated  completely  and  fell  down.  It  was  then  re¬ 
built  with  new  bricks  in  the  form  shown  in  Fig.  6,  where  it  will 
be  seen  that  the  front  end  of  the  arch  is  brought  much  lower 
down  and  is  well  supported  without  covering  any  tubes.  The 
supporting  angles  were  increased  in  size  to  2^  by  2^  inches,  as 
lighter  angles  used  in  the  first  arches  were  found  to  sag  between 
fastenings. 

8.  With  this  large  arch,  in  two  tests,  the  back  end  of  the 
grate  was  blocked  off  so  that  the  total  grate  area  was  reduced 
from  the  normal  area  of  55.5  to  39.5  sq.  ft.,  or  a  reduction  of 
about  29  per  cent. 

9.  In  three  tests  the  air  inlets  to  the  arch  were  closed  with 
fire-clay  so  that  the  arch  would  act  as  a  simple  arch  without 
air  admission. 

10.  When  the  air  entered  the  firebox  through  the  arch  there 
was  no  means  of  determining  what  proportion  of  the  air  leaked 
through  the  joints  between  the  arch  segments.  It  was  not 
possible  to  make  these  perfectly  air  tight. 
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11.  One  test,  No.  900.16  with  arch,  and  in  which  test  the 
minimum  amount  of  smoke  was  produced,  was  made  at  a  lower 
speed  and  earlier  cut-off  than  the  others,  and  air  was  admitted 
to  the  firebox  through  the  firedoor,  which  was  kept  on  the  first 
notch  of  the  latch  all  of  the  time  except  when  firing  coal.  No  air 
was  admitted  through  the  arch  in  this  case,  while  in  the  other 
tests  the  firedoor  was  kept  closed  when  not  firing  coal. 

12.  The  coal  used  was,  in  four  tests,  “Run  of  Mine  Penn 
Gas,”  in  seven  tests,  “Screened  Penn  Gas,”  and  in  one  test 
“Scalp  Level,’  ’  see  tables  1  and  2. 

13.  Penn  Gas  coal  has  about  36  per  cent,  volatile  combustible 
material,  and  while  a  good  coal  it  is  smoky  on  account  of  the  large 
amount  of  volatile  matter.  It  is  a  coal  which  should  show  im¬ 
proved  performance  with  an  arch,  the  object  of  which  is  to  main¬ 
tain  a  high  furnace  temperature  and  thus  consume  all  of  the 
volatile  gases  as  they  are  given  off  from  a  new  charge  of  fuel. 

14.  Scalp  Level  coal  is,  on  the  other  hand,  a  very  low  volatile 
coal  for  a  bituminous  coal,  having  as  little  as  16  per  cent,  of 
volatile  combustible  matter,  or  less  than  half  that  of  the  Penn 
Gas  coal. 

Results  of  Tests. 

15.  The  results  are  given  on  table  2.  Tests  900.2  and  952, 
made  without  any  arch,  are  shown  for  comparison.  Also  in  table 
1  are  given  two  additional  tests.  Nos.  900.1  and  951,  without 
arch,  for  comparison  of  smoke  readings. 

16.  The  test  results  are  plotted  in  Figs.  7,  8,  9  and  10.  On 
these  diagrams  no  curves  are  drawn  through  the  points  repre¬ 
senting  the  brick  arch  tests,  but  the  number  of  the  test  is  given 
in  each  case  opposite  the  points  plotted.  Other  points  are  shown 
and  curves  drawn  to  show  results  obtained  with  the  locomotive 
without  any  arch  in  the  firebox,  but  fired  with  the  same  kind 
of  coaL 

T  emperatures : 

17.  The  arch  covered  the  opening  in  the  side  of  the  firebox 
and  prevented  the  use  of  a  firebox  pyrometer,  except  for  two  tests, 
and  in  these  the  temperature  was  about  15  per  cent,  higher  with  the 
arch  than  without.  This  is  shown  in  Fig.  7. 
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Evaporation: 

18.  All  of  the  tests  with  the  arch  and  high  volatile  coals  show 
results  in  evaporation  per  pound  of  coal  above  those  obtained 
without  the  arch.  There  appears  to  be  an  improvement  in  evapor¬ 
ation  with  each  increase  in  the  length  of  the  arch,  and  the  best 
evaporation  obtained  was  with  the  long  arch  without  air  admission 
through  the  arch. 

19.  Test  900.17  made  with  Scalp  Level  coal,  with  the  arch 
and  without  air  admission,  gave  an  equivalent  evaporation  per 
pound  of  coal  of  7.79  pounds,  while  a  test  of  this  coal,  under  like 
conditions  but  without  an  arch,  shows  an  evaporation  of  7.64 
pounds,  or  practically  the  same  result. 

20.  Scalp  Level  coal,  however,  is  almost  a  semi-anthracite, 
and  gives  results  fully  equal  to  the  screened  Penn  Gas  coal  when 
not  burned  too  rapidly,  but  its  evaporation  falls  off  sharply  when 
forced,  on  account  of  unburned  coal  lost  through  the  stack. 

21.  From  these  tests,  at  rather  a  low  rate  of  combustion  for 
Scalp  Level  or  a  low  volatile  coal,  it  would  appear  that  the  steam¬ 
ing  of  this  coal  cannot  be  improved  by  the  use  of  an  arch. 

Smoke: 

22.  Observations  of  the  effect  of  the  arch  upon  the  smoke  were 
made  according  to  the  Ringelmann  method.  The  average  smoke 
readings  are  given  in  the  following,  table  1 : 


Table  1,  Smoke  with  Arch. 


Test  No. 

Speed. 

Cut¬ 

off. 

A 

o 

JS 

H 

! 

Smoke. 1 

i 

Arch. 

COAIi. 

Grate. 

Miles  per 
hour. 

Per  cent. 

In  per  cent, 
of  Black. 

With  or 
without. 

Length  of 
— inches. 

Blocked  or 

open. 

Screened  or 
run  of  mine. 

Small  or  full. 

952 

38 

25 

Full 

46 

Without 

Screened 

Full 

900.2 

38 

25 

Full 

46 

Without 

R.  of  M. 

Full 

900.10 

38 

25 

Full 

46 

With 

33 

Open 

R.  of  M. 

Full 

900.11 

38 

25 

Full 

34 

With 

50 

Open 

R.  of  M. 

Full 

900 . 12 

38 

25 

Full 

28 

With 

62 

Open 

Screened 

Small 

900.13 

38 

25 

Full 

22 

With 

62 

Open 

Screened 

Small 

900.14 

38 

25 

Full 

20 

With 

62 

Open 

Screened 

Full 

900.15 

38 

25 

Full 

18 

With 

62 

Blocked 

Screened 

Full 

900.16 

28 

20 

Full 

2 

With 

62 

Blocked 

Screened 

Full 

900.17 

38 

25 

Full 

22 

With 

62 

Blocked 

R.ofM.* 

Full 

951 

28 

20 

Full 

38 

Without 

Screened 

Full 

900.1 

28 

20 

Full 

34 

Without 

R.  of  M. 

Full 

*  Scalp  Level  coal. 
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23.  In  test  900.16,  as  already  stated  (paragraph  11),  there 
was  very  little  smoke.  No  air  was  admitted  through  the  arch, 
but  the  firedoor  was  partly  open  for  air  admission. 

24.  There  is  a  decrease  in  the  smoke  accompanying  the 
improved  evaporation  with  each  increase  in  the  length  of  the  arch, 
and  a  further  slight  decrease  when  there  is  no  air  admitted  through 
the  arch.  In  table  1,  the  per  cent,  of  black  smoke  decreases 
from  46  to  18  per  cent,  with  increases  in  the  length  of  arch. 

25.  By  the  use  of  the  arch  the  high  volatile  coal  shows 
smoke  four  per  cent,  less  black  than  does  the  low  volatile  coal 
under  the  same  conditions  of  running. 

Conclusions. 

Evaporation: 

26.  The  use  of  the  brick  arch,  with  a  high  volatile  coal,  such 
as  Penn  Gas,  results  in  an  increased  evaporation,  representing 
an  economy  in  coal  of  from  12  to  13 J  per  cent.,  the  indication 
being  that  the  hollow  arch  has  no  advantage  over  the  solid  one. 
(Paragraph  18.) 

27.  With  a  low  volatile  coal,  such  as  Scalp  Level,  the  arch 
does  not  appear  to  be  of  much  benefit.  (Paragraph  21.) 

Smoke: 

28.  The  admission  of  air  through  the  arch  does  not  appear 
to  decrease  the  amount  of  smoke  as  obtained  with  the  solid  arch. 
(Paragraph  24.) 

29.  The  smoke  from  a  smoky  coal,  such  as  Penn  Gas  coal, 
can  be  reduced  by  the  use  of  the  arch  so  that  it  is  less  than  the 
smoke  from  a  low  volatile  coal  without  an  arch,  but  it  cannot  be 
made  so  little  as  was  obtained  with  low  volatile  briquettes  without 
an  arch.  (Paragraph  25.) 

General  Conclusions: 

30.  The  best  results  were  obtained  with  the  long  arch  and 
with  air  admitted  to  the'  firebox  through  the  firedoor.  The  in¬ 
crease  in  economy  and  decrease  in  smoke  followed  closely  the 
increase  in  the  length  of  the  arch. 

Recommendations. 

31.  To  reduce  the  amount  of  black  smoke  and  to  improve 
the  economy  of  the  boiler  on  locomotives  where  there  is  con- 
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tinuous  firing,  as  on  long  runs,  a  solid  arch  of  a  length  greater 
than  one-half  of  the  firebox  should  be  provided. 

32.  The  reduction  of  smoke  and  the  saving  in  fuel  depend 
upon  the  service  in  which  the  locomotive  is  operated,  and  this 
as  well  as  the  maintenance  of  the  arch  should  be  given  con¬ 
sideration,  so  as  to  save  the  expense  of  the  arch  when  it  is  known 
there  can  be  no  material  saving  by  its  use. 

C.  D.  YOUNG, 

Engineer  of  Tests. 

Approved  : 

J.  T.  WALLIS, 

Genl.  Supt.  Motive  Power. 

Test  Department, 

Altoona,  Penna., 

January  28,  1912. 
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GENERAL  ARRANGEMENT  OF  LOCOMOTIVE. 
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GENERAL  DIMENSIONS  OF  LOCOMOTIVE 

(CLASS  E2a) 


Total  weight  in  working  order,  pounds. . . . .  184,167 

Weight  on  drivers,  in  working  order,  pounds . . . .  110,000 

Cylinder  (simple)  size,  inches . . . .  20J  x  26 

Diameter  of  driving  wheels,  inches... . . . .  80 

Firebox  heating  surface,  square  feet.... . . . .  156.86 

Heating  surface  of  tubes  (water  side),  square  feet . . .  2,471.04 

Total  heating  surface  (based  on  water  side  tubes), 

square  feet . 2,627.90 

Total  heating  surface  (based  on  fire  side  tubes),  square 

feet . . . . . . . . . .  2,319.26 

Grate  area,  square  feet . . . . . . .  55.5 

Boiler  pressure,  pounds  per  square  inch . .  205 

Valves,  type .  Wilson  double  ported,  slide 

Valve  gear . Stephenson 

Firebox,  type . . . . . . .  Wide,  Belpaire 

Number  of  tubes . . . . . . . . .  315 

Outside  diameter  of  tubes,  inches . .  2 

Length  of  tubes,  inches . 180 
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THE  BOILER. 
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THE  GRATE. 

It  can  be  shaken  in  four  separate  sections.  There  is  a  drop  grate  at  the  front  and  rear 

and  a  dead  grate  at  the  forward  end. 

Fig.  3. 
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LOCOMOTIVE; 
TfPE  -4 — A~-2. 
CLASS 

NUMBER  S'2.6« 


PENNSYI-VANiA  RAILROAD  COMPAKY.  _ 

test  »«>s.  SOO. IO 


TEST  OEPABTMENT 


SUBJECT:  XRiAL.% 


Autooha,Pa,  T-2S-‘07 


^QOl> 


THE  FIRST  OR  SHORT  FORM  OF  ARCH. 

This  arch  was  too  small  to  show  much  improvement  in  evaporation  or  smoke. 

Fig.  4. 
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Pennsylvania  Railroad  Company 

LOCOMOTIVE; 

type  -4.-4--^  TEST  No.  300. II 

CLAS^  E,*2.A.  Te«T  oerartment 

NUMBER  S'2.€><£> 

SUBkIECT:  BRIC4<  Actooha.  Pa., T- i &- o-r 


Ckl-irY  A 


THE  SECOND  FORM  OF  ARCH. 

It  is  longer  than  the  first  form,  and  while  the  lower  row  of  tubes  was  covered  it  gave 

better  results  than  the  first  arch. 

Fig.  5. 


Pennsyl-n/ania  Railroad  Company 

t-OCOMOTIVE: 

TYpe  ^-^-'2. 

E.'Za^  TESTT  OEf»ARXMENT 

NviMBEA  S3  "2.^^  test  rso.  ^00.1*2- 

SOO.  fS  -  1-4-  -  I  S-16-17 

SUBJECT:  BR\C»<A«C.VA  TR.»A\’5  Autooha,I=5k.,  T- 25-07 


500.15  -  »“7 


^00.5 


UOCOMOnriVE.  TlV-t  ^t>»»SWED 

BY  HX«0\SOM-W/MMeR  PtFWACTOPltSCo 
DRAWING:  Mo.  TIBO'Z'S  OATtO  &-2-»07 


THE  LONG  ARCH  WITH  THE  FRONT  END  DEPRESSED  TO  CLEAR  THE  TUBES. 

This  arch  was  used  with  the  air  inlets  both  closed  and  open  and  with  part  of  the  rear  portion  of  the  grate 
covered  with  firebrick.  This  arch  shows  the  best  results  and  there  was  least  smoke  when  the  air 
passages  were  closed. 


Fig.  6. 
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TEMPERATURE  OF  FIREBOX  AND  SMOKEBOX. 

The  points  with  numbers  are  arch  tests.  The  other  points  and  curves  are  for  tests  without  arch.  Tests 
10  and  11  were  with  run  of  mine  coal,  and  they  show  a  temperature  of  firebox  about  15  per  cent, 
above  that  without  an  arch. 


Fig.  7, 


CO-ORDINATE  PAPER.  J.  B.  Webb,  HoEokm,  N.  J.  . negative. 


EQUIVALENT  EVAPORATION  PER  POUND  OF  DRY  COAL. 
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EVAPORATION  PER  POUND  OF  DRY  COAL  AND  COAL  FIRED  PER  SQUARE  FOOT  OF  GRATE. 
The  numbered  points  represent  Arch  Tests.  Those  without  numbers  and  the  curves  are  for  tests  without 
an  arch  in  the  Firebox.  Tests  10  and  11  were  with  run  of  mine  coal,  12  to  16  with  screened  coal, 
and  17  was  a  different  coal  from  the  others. 


Fig.  8, 


CO  ORDINATE  PAPER.  J  B.  Webb.  Hoboken.  N.  J.  . negative. 


EQUIVALENT  EVAPORATION  PER  POUND  OF  DRY  COAL. 

co  ordinate  paper.  J  B.  Webb,  Hoboken,  N.  J.  . . negative. 
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EVAPORATION  PER  POUND  OF  COAL  AND  RATE  OF  EVAPORATION. 

The  evaporation  is  about  12  per  cent,  more  per  pound  of  coal  with  the  arch  in  its  best  form.  Note  the 

low  evaporation  (point  17)  with  a  low  volatile  coal. 

Fig.  9. 


CO-ORDINATE  PAPER.  J.  B.  Webb,  Hoboken,  N.  J. 


EFFICIENCY  OF  BOILER,  PER  CENT. 

CO  ORDINATE  PAPER.  J  B.  Webb.  Hoboken,  N.  J.  '  . negative, 
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BOILER  EFFICIENCY. 


The  efficiency  is  increased  with  the  arch,  as  shown  by  the  points  with  numbers.  Without  the  arch,  the 
efficiency  is  from  51  to  64  per  cent.  With  the  arch  it  is  from  55  to  74  per  cent. 

Fig.  10. 


CO-ORDINATE  PAPER.  J.  B.  Webb,  Hoboken,  N.  J.  . negative. 
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M.  P.  8Q4A 


T  6  IM7 


10« 

LOCOMOTIVE: 

TYPE  -4-- A- 2- 

CLA88 _ ELXa 

NUMBER 


Pennsylvania  Railroad  Company 

Philadelphia.  Baltimore  A  Washmotoft  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  &  Seashore  Railroad  Company 

xe3x  oeF^ARxiviersjx 


TEST  NOS.,  ?>gO:.Z 

3  C>0  ,  »  0  T  *l  -7 


Average  Results  of  Locomotive  Tests 
SUBJECT;  BR»C><;  A. RCH  'TR\AvL,S.  .  ALTOONA,  Pa.,..©-I^-'Q'7 


1 

2 

14 

16 

16 

IT 

18 

19 


20 
2  1 
22 

23 

24 

25 

26 

27 

28 


40 
4  1 

42 

43 

44 
46 

46 

47 

48 

,49 

60 
6  1 
58 

69 
66 
67 

70 
7  1 


DRiviNQ  Wheels 
Number  of  Pairs _ _ 


Approx.  Diameter,  inches _ ® 

Engine  Truck  Wheels 

Number - 

Diameter,  inches _ 

TRAILING  Wheels 
Diameter,  inches _ _ _ 55^ 


Wheel  Base,  Feet 

Driving  Wheel  Base _ 

Total  Wheel  Base _ 

Gageuif  Wheels _ 


WEIGHT  OF  ENGINE  WITH  WATER 
AT  2D.  GAGE  COCK  AND  NORMAL 
FIRE.  POUNDS 

On  Truck _ 3»T  I  ©7_ 

“  1st  Drivers _ 

“  2d  “  _ _ 

“  3d  ‘  _ 

“  4th  “  _ 

“  5th  *  _ _ 

“  Trailers  _ _ 

Total  _ 


37000 

»  I  O  OOl 


“  on  Drivers _ 

Cylinders 

Diam.  and  Stroke,  H.  P  20,5)L2© 
U  U  U  L  P  ' 

CLEARANCE  IN  PER  CENT.  OF  PISTON 
DISPLACEMENT 

H.  P.  Right,  Head  End  _ 

“  “  Crank  “  _ 

“  Left,  Head  “ _ 

•  *  Crank  “  _ V' 

L.  P.  Right,  Head  “  _ _ 

“  “  Crank  “ _ _ 

‘  Left,  Head  “  _  ., 

“  *  Crank  “  _ _ 

RECEIVER,  Cubic  Feet 

Volume  Right  Side_ _  ** 


STEAM 

PORTS, 

INCHES 

H.  P. 

Admission,  Length 

m 

Width 

L.  P. 

« 

Length 

« 

« 

Width 

H.  P. 

Exhaust, 

Length 

\3. 

• 

« 

Width 

z.  sa 

L.  P. 

it 

Length  _ 

« 

Width 

74 

76 


78 

80 

82 

83 

84 

85 

86 
88 

90 

94 

98 

102 

113 

114 

116 

116 

118 

119 

124 

125 

126 
128 

132 

133 
137 


144 

145 

146 


PISTON  RODS,  Diameter 
INCHES 


High 

Low 


Pressure  . 


Tail  Rods,  Diameter, 
INCHES 

High  Pressure _ 

Low  “ _ 


Valves 

Type  OOUBV-C  PORTeo  6\-\oe 


Design AMCR'CAM  BAL-.VAL-VT:  CO. 

Per  Cent.  Balanced _  _ 7  _ 

Type  of  Valve  Motion  stcphctasch^. 
Greatest  Valve  Travel 

High  Pressure,  inches _ **1  •  o 

Low  “  “  - 


Outside  lap  of  Valve 
High  Pressure,  inches  .  \  ■ 

Low  “  “ _ ^ 


INSIDE  LAP  OF  Valve 
High  Pressure,  inchesv>gQATi\/c 
Low  *  “  - -  ' 


BOILER 

Type^cL-T»/\\Rc  wioc  rmn-eox 

Outside  Diam.  1st  Ring _ 

Tubes 

Number _ _  ... . 


Outside  Diam.,  inches 

Pitch  “  _ 

Length  Between  Tube 

Sheets,  inches _ 

Total  Fire  Area,  sq.  ft _ 

Boiler  Pressure,  pounds 

Superheater 

Number  of  Tubes _ 

Outside  Diam.  “  inches _ 

Length  of 


Z.G25 

ne  .-I© 


154 

Of  the  Tubes,  Water  Side_. 

•241 1 

165 

‘  “  '  Fire  “  . 

Z±C,Z-^o 

166 

•  *  Firebox,  *  “ 

\  5c>.a& 

167 

“  *  Superh'r,  “  - 

*168 

Total.  Based  on  “  “  . 

.a,€> 

169 

•  m  u  u  tt 

160 

161 

162 

163 

167 

168 
169 

171 

172 

173 

174 


_s , 

•2.05 


Firebox,  inside,  inches 

Length _  .  \\^  ci 

Width _ _ 

Air  Inlets  to  Ashpan, 

sq.  ft.  -  .  <5>  •  2> 

Grates 

TypeBOC«iNGL  rvnG,ER^ 

Grate  Area,  sq.  ft. _  5 

Area  of  Dead  Grates  €>.  o 


HEATING  Surface, 
Square  Feet 


of  Firebox  and 

Water  Side  ofTubes  ZfeZ.T-QQ 
boiler  volume 

WITH  WATER  SURfIoE  AT  LEVEL 
OF  2D  GAGE  COOK 

Water  Space,  cu.  ft.  .  3  3  a  .  5. 

Steam  “  “  “ _ ! _ 

Exhaust  nozzle 

Double  or  Single _ S IMCLWE _ 

Size,  inches _ _ _ _ 5 

Area,  sq.  inches _  SS _ 

reverse  lever 

H.  P.  Notches  Forward  of  Center  1  Si _ 

L.  P.  Notches  Forward  of  Center _ _ _ 

Ratios 

Heating  Surface  (158)  to 

Grate  Area  (145)  _  ^1*  *7  3 

Fire  Area  Thru  Tubes  (119) 

to  Grate  Area  (145)  _  .  o© 

Firebox  Heating  Surface  (156) 

to  Grate  Area  (145)  _ 2-  -.S3 

Tune  Heating  Surface  (155) 
to  Fire  Box  Heating 
Surface  (156)  _ ^  3  .  ~1  0 


TVAE.  Ae.O'./E.  1TELMS 
5VAOW  -rut  MOwt>A/s.\_ 

DIMEM?>\or*5  or  TWE. 
UOCOMOTWEL  WITH  rOCL. 
CtRATtL  ACRtA. 


*USEO  IN  CALCULATIONS 


DIMENSIONS  OF  LOCOMOTIVE  5266. 
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M.  P.  884  A— Shth  Sheet 
SxlOH 

LOCOMOTIVE: 

TYPE  -4--  -4-- 2. 
CLASS  E..'2.A 
NUMBER  S'Z&Gs 


Pennsylvania  Railroad  Company 

Philadelphia*  Baltimore  A  Washington  Railroad  Company 
Northern  Central  Railv^ay  Company 
West  Jersey  &  Seashore  Railroad  Company 

TEST  OEPARTIS/IEMT 

Average  Results  of  Locomotive  Tests 


7  •  WOT 


FUEL;  Pe:mW  CiASi . 

AWO  Scaup  WEVEW  ...COAU.. 


SUBJECT  :..Bm.VCV^..A.f=?CH.  . . .  ALTOONA,  PA.,.S-..Va.-OT . 


TEST 

NUMBER 

RUNNIN 

G  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Test 

Hours 

/ 

Miles 

per 

Hour 

/ 

Throttle 
Opening, 
Full  or 
Partial 

✓ 

Actual 

Cut-off 

Per  Cent., 
H.P. 
Cylinder* 

ARCH 

OR 

no 

ARC.H 

Pressure 
in  Boiler, 
Lbs.  per 

Sq.  ind) 

j 

Draft 

in 

Smoke  Box, 
inchee 
of  Water  4 

Draft 

in 

Ash  Pan, 
Inches 
of  Water* 

Calorific 
Value 
of  Dry 

Fuel, 

8.T.  U.  per  Lb. 

Cinders 
Collected  in 
Smoke  Box, 
Pounds 
per  Hour 

1.  P.  M.  Throttls 

196 

199 

203 

268 1*  271 

217 

222 

226 

248 

236 

ssz 

900.2 
900.10 
900. M 

900.12 

900.13 

900.14 

900.15 

900.16 

900.17 

l€)0-29-F 
\€>0-25-F 
»feO-25-F 
\e>0-  25-F 
IfeO-  25-f 
ISO-  25-F 
180- 2  5- r 
lfeO-25-F 
120- 20- F 
ieo-25-F 

2.. SC* 

2.50 

l.l-l 

2.5  0 
>  .  00 

2.50 

2 . 00 

1  .50 

2.00 

2.  00 

38*oZ 

31.55 

31.55 

31.55 

31.55 

31.56 

31.55 
31.55 
28.24 
31 .55 

Fwuu 

II 

11 

II 

II 

n  . 

i« 

•« 

No  Apch 
NoApch 

AWCH 

•« 

el 

el 

•1 

•* 

*• 

•1 

10\  .9 

201. 5 
\9s.4 
198.9 

103.1 

loo  5 

203.  o 

103.1 
1oi.  1 

101.1 

3 .  a 

4.  ■? 

4.1 

4  1 

5.  3 

5.3 

5.  0 

3.8 

3.0 

S.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2. 

.  2 

.  1 

.2 

14854 

1  4  350 

14350 

14350 

1491  2 

14911 

14912 

14911 

14011 

1  5401 

48 

1  00 

135 

85 

144 

14  0 

79 
\  10 

43 

301 

TEST 

NUMBER 

BOILER  PERFORMANCE 

ENeiNE  PER 

FORMANCE 

Dry  F««l 
Fired 
per  Hoar, 
Pound* 

Dry  Fuel 
per  Hour, 
Pound*  per 
Sq.  Ft,  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212°  F.,  POUNDS 

Bolter 

Horse 

Power 

(34J  U.ofE.) 

Efficiency 
of  Boiler, 
Based 
on 

Fuel 

SMOKE. 

NUMBtR 

Pre**ure 

In 

Branch  Pipe, 
Pound* 
per  Sq.  In. 

Superheat 

In 

Branch 

Pipe, 

Degrees  F. 

Per 

Hour 

Per  Hour 
per  Sq.  Ft. 

of  Fire 
Heating  Sur* 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

346 

347 

349 

360 

220 

230 

9)5? 

900.2 

900.10 

900.11 

900.12 

900.13 

900.14 

900.15 

900.16 

900.17 

3-ie.a 

38*^4 

350.-7 

335-7 
390  8 
33T4 
310  1 
318C> 

loSo 

4oi-, 

4- 1 . 89 

49.  41 

71,»5 

«a.<»5 

98.85 

85.41 

55.45 

5- 7.  10 

41.  S4 
81.55 

11598 

25819 

15H3 

2503/» 

11583 

I5430 

25545 

Z.1584 

■20OO9 

19351 

33154 

32132 

3X584 

31\44 

33045 

31  519 

311  20 

330H 

2383© 

31445 

\4.55 

13.90 

13.53 

/4.oc> 

14.92 

14.15 

14.31 

\4.9o 

\0.ic, 

\4.2o 

8.  95 

8.34 

8.80 

9.  IS 

845 

9.35 
9.9  \ 

VO.  OS 

V\.45 

1.19 

918-1 

934.3 

90®.-, 

9o1.1 

951.  8 

915.3 

919.4 

955.9 

591.0 
9\V  3 

58.11 

55.03 

59.  \9 

51.41 

54  51 
50-38 

53.93 

54.83 

73.93 

48.85 

2.3 

1.  3 

1.  3 

1.1 

1.4 

1.  1 

1-0 

.9 

.1 

1  1 

ENGINE  P 


ERFO 


RMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 


Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 


Indicated 

Horse 

Power 


Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 


Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 


tJLHCiTH 

OF* 

ikROH 


Drawbar 

Pull, 

Pounds 


Dynamometer 

or 

Drawbar 

Horse 

Power 


Dry  Fuel 
per 

Oynamom. 

Horse 

PowerHour, 

Pounds 


Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 


Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 


Thermal 

Efficiency 

of 

Locomotive, 
per  Cent., 
(BasedonFuel) 


KtMO 

or 

COA^U 


214 


379 


380 


381 


266 


383 


384 


386 


398 


399 


esz 

900.10 
900. H 
900.11 
SOO.I3 
900.l<- 

900.15 

900.16 
900. n 


Z'9 

4- '- 2“ 

5- 2“ 
5-  2“ 
5-1 
5’-2‘ 
5-2“ 
5-2“ 


8-i«a 

e»^-i 

asTo 

8t&  -2. 

89  0^ 

TTa3 

aaaa 


aaa.a 

89 a.  s 
8a  I.  s 
851.  a 

8as.9 
8c>«>.a 
8T9  e> 
894.  I 
5&&.  i 
903.  <S, 


4  14 

4,30 
4-14 
3  94 
4-4  \ 
3  89 
3.&4 
3.c>S 
3.55 
4.41 


30. T4 

19.55 
3o.  M 
30.12 
30.91 
30. V8 
29.8s 

30. 55 

3\.28 

18.8s 


4.  04 
4  12- 
4  18 
4  50 
3.85 
4  3T 
4.  <S-1 
4.S  2 
4.T2> 
3.-70 


PEHN  Gas 


SCACP 


Table  2. 

RESULTS  OF  TESTS  WITH  AND  WITHOUT  ARCH. 

Tests  9(X).2,  900.10,  900.11  and  900.17  were  made  with  run  of  mine  coal;  the  others  with  screened  coal. 

The  tests  were  from  one  to  two  and  one-half  hours  long. 
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LENGTH  OF  TEST — MINUTES  AND  HOURS 


23 


Ufl  K 

I  <(9  5 
'TfiM  -5 
|Uld]  5 


LENGTH  OF  TEST — MINUTES  AND  HOURS 
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LENGTH  OF  TEST — MINUTES  AND  HOURS 
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THE  H6b  CLASS  LOCOMOTIVE. 

The  Type  of  Locomotive  used  in  the  Piston  Valve  Tests, 


PENNSYLVANIA  RAILROAD  COMPANY 


Locomotive  Testing  Plant 

AT 

ALTOONA,  PENNA. 


V 

BULLETIN  No.  7  (REVISED) 

Formerly  Bulletin  No.  29 


PISTON  VALVES 


Copyright,  1912;  by-  Pennsylvania  Railroad  Company 


1912 


LOCOMOTIVE  TESTING  PLANT. 


PISTON  VALVES. 


(Conclusions  and  recommendations  on  pages  6  and  7.) 

INTRODUCTION. 

/ 

1.  In  the  tests  of  piston  valves  described  in  this  Bulletin  some 
remarkable  results  were  found  in  steam  leakage  with  one  type  of 
valve.  Valves  of  the  Company’s  own  make  are  found  to  have 
very  substantial  advantages  in  price  over  valves  of  outside 
manufacturers. 

2.  Two  forms  of  piston  valves  are  in  extended  use  on  our 
locomotives,  one  the  American  Semi-plug,  as  used  on  the  Lines 
East,  and  a  valve  which  will  be  designated  the  “L”  type,  much 
used  on  the  Lines  West.  Another  form  of  valve  is  the  Stayman 
Self-expanding  Valve.  This  Stayman  valve  is  not  used  on  our 
locomotives. 

3.  While  the  three  valves  differ  in  details  of  construction, 
their  overall  dimensions  were  alike  so  that  they  would  be  expected 
to  give  practically  the  same  distribution  of  steam  in  the  cylinder. 
Differences  in  service  were  to  be  looked  for  in  the  amount  of  steam 
leakage  under  various  conditions  of  running. 

4.  Satisfactory  service  has  been  obtained  with  both  the  Amer¬ 
ican  and  “ L”  type  form  of  valve,  and  these  trials  were  undertaken, 
not  because  of  defects  found  in  the  valves,  but  in  view  of  the  lower 
first  cost  and  lower  repair  costs  of  the  VL”  type  valves,  to  deter¬ 
mine  their  performance  under  identical  conditions,  where  the  steam 
and  coal  used  could  be  accurately  measured. 

5.  The  amount  of  wear  and  the  expense  of  maintenance  of  the 
valves  could  not  be  determined  on  the  Testing  Plant.  These 
items  could  be  determined  only  by  wearing  out  the  valves  in 
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Description  of  Valves. 

The  Stayman  Valve. 

6.  The  Stayman  Self-expanding  Piston  Valve  is  shown  in  the 
photographs,  Figs.  2  and  3.  The  valve  is  made  up  of  a  section 
of  four  and  one-half  inch,  wrought  iron,  pipe  screwed  into  castings 
which  carry  the  packing  rings.  There  is  a  split  cast-iron  ring  fitting 
on  the  valve  spindle  and  outside  of  this  ring  there  is  a  heavy  cast- 
iron  ring  divided  into  three  segments.  The  segments  are  held 
together  by  brass  plates  and  pins.  The  ring  does  not  come  apart 
when  the  valve  is  removed  from  the  valve  cages. 

7.  The  wearing  surface  of  the  valve  ring  is  2f  inches  wide  and 
has  grooves  as  shown  on  the  drawing.  Fig.  5.  Besides  the  valve 
stem,  the  heads  of  the  valve  are  held  together  by  one  through  bolt. 
The  valve  is  12  inches  in  diameter,  32 J  inches  long  over  the  pack¬ 
ing  rings,  is  made  up  of  10  principal  parts  and  weighs  188  pounds 

8.  The  valve  was  furnished  for  test  by  the  Cockburn  Barrow 
&  Machine  Company  of  New  York,  N.  Y. 

The  American  Valve. 

9.  The  American  Balance  Valve  Company’s  Semi-plug  valve, 
as  shown  in  the  two  photographs  with  the  Stayman  valve,  is  of 
the  same  design  as  the  one  tested,  but  is  larger  in  diameter.  In 
the  tests,  however,  the  valve  used  was  a  12  inch  one.  The  rings 
of  this  valve  are  shown  on  the  drawing.  Fig.  4. 

10.  The  American  valve  is  made  up  of  17  principal  parts  and 
weighs  161  pounds,  the  heads  being  held  together  by  two  bolts, 
in  addition  to  the  valve  stem.  The  rubbing  face  of  the  valve  is 
formed  by  two  narrow  expanding  or  snap  rings  connected  by  a  thin, 
wide  ring  having  a  number  of  “V”  shaped  grooves.  Under  this 
wide  connecting  ring  there  are  wedge-shaped  rings  as  shown  in 
Fig.  4,  and  from  the  chamber  under  the  wedge  rings  there  are  18 
small  ports  leading  to  the  live  steam  side  of  the  valve. 

11.  This  is  the  standard  valve  for  the  “H6b”  class  of  loco¬ 
motive,  and  is  made  by  the  American  Balance  Valve  Company  of 
Jersey  Shore,  Pa. 

The  “L”  Type  Valve. 

12.  The  “L”  type  valve  is  shown  on  the  photographs,  Figs. 
2  and  3  and  on  the  drawing.  Fig.  6.  It  is  made  up  of  a  section  of 
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8  inch,  outside  diameter  pipe,  riveted  to  steel  castings  at  the  ends. 
The  heads  also  of  the  “L’'  type  valves  were  of  steel  in  the  valves 
tested.  There  are  two  “L”  shaped  cast-iron  packing  or  snap  rings 
with  a  cast-iron  separating  ring  between  them.  The  separating 
ring  is  not  divided  or  split. 

13.  The  packing  rings  are  divided  and  are  held  from  turning 
by  pins  on  the  lower  side  of  the  valve  spindle.  The  heads  are  held 
in  position  by  the  nut  on  the  valve  stem,  there  being  no  through 
bolts  as  in  the  other  two  valves.  The  valve  is  12  inches  in  diam¬ 
eter,  32 j  inches  long  over  the  packing  rings,  is  made  up  of  10  prin¬ 
cipal  parts  and  weighs  137|  pounds.  The  valves  were  furnished 
by  the  Pennsylvania  Lines,  Fort  Wayne  Shops. 

Method  of  Conducting  the  Tests. 

14.  Two  different  “H6b”  locomotives  had  to  be  used  for 
these  tests;  first.  No.  2860  for  the  American  and  Stayman  valves, 
commencing  August  9,  1910,  and  No.  884  for  the  “L”  type  and 
American  valves,  commencing  September  14,  1911,  giying  a  direct 
comparison  of  the  American  with  the  other  two  types.  The 
general  arrangement  of  the  “H6b”  class  locomotive  is  shown  in 
Fig.  1,  and  the  cylinder  and  valve  in  Fig.  7. 

American  Valve. 

15.  The  American  valve,  as  it  was  found  on  the  locomotive 
where  it  had  been  in  use  for  over  two  years,  having  made  about 
620  runs  of  from  one-half  to  three  hours  duration  each,  was  the 
first  to  be  tested.  The  valves,  and  the  cages  which  had  been  in 
service  as  long  as  the  valves,  were  then  removed,  new  cages  put  in 
and  the  Stayman  valve  (new)  placed  in  the  new  cages  and  a  series 
of  tests  made.  Following  this,  American  valves  were  again 
applied  (new)  and  tested  likewise  without  changing  the  cages. 

“L”  Type  Valve. 

16.  New  “L”  type  valves  were  used  and  new  cages  were  put 
in  the  steam  chests.  Immediately  on  starting  with  the  “L”  type 
valves  one  of  them  was  broken.  It  was  found  on  removing  it  from 
the  cage  that  the  openings  in  the  valve  rings  were  passing  over 
open  ports  in  the  cages.  Both  valves  were  then  replaced  on  the 
valve  stems  so  that  the  openings  in  the  rings  would  travel  over  one 
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of  the  bridges  on  the  lower  side  of  the  valve  cage  and  no  further 
difficulty  was  experienced  with  the  valves  after  this  change, 

17.  With  the  American  Semi-plug  valve  no  special  setting  of 
the  valve  on  the  stem  is  necessary,  as  the  opening  in  the  rings  will 
not  catch  on  the  port  in  any  position. 

18.  After  eight  tests  had  been  made  with  the  “L”  type  of 
valves  they  were  removed  and  the  tests  duplicated  with  the  Amer- 
can  valves  in  the  same  cages.  These  were  repaired  valves  with 
new  packing  rings,  making  them  practically  new  valves. 

19.  While  data  had  been  obtained  for  the  American  valve  in 
the  first  series  of  tests,  on  the  other  locomotive,  it  was  tried  again 
to  make  a  more  accurate  comparison  with  the  “L”  type  valve. 

20.  Each  set  of  new  valves  was  used  in  preliminary  tests 
during  about  one  week  so  that  they  would  be  in  good  running  con¬ 
dition  and  well  lubricated  before  the  actual  tests  were  made. 

21.  The  American  valve  is  a  very  satisfactory  one  from  a 
mechanical  standpoint,  while  the  workmanship  on  the  “T”  type 
valves  was  not  as  good  from  their  general  appearance,  and  it  is 
possible  that  the  two  types  of  valves,  both  carefully  made,  would 
show  the  same  results.  The  valves  for  tests  were  not  selected 
with  any  particular  care  as  it  was  desired  to  obtain  valves  as  ordi¬ 
narily  used. 

Results  of  Tests. 

22.  The  Stayman  valves  show  remarkably  poor  results  in 
steam  and  coal  consumption.  In  these  tests  they  used  from  25  to 
200  per  cent,  more  steam,  and  from  44  to  81  per  cent,  more  coal 
than  the  American  valves. 

23.  The  speeds  ranged  from  6|  to  26 J  miles  per  hour,  and  the 
cut-offs  from  20  to  40  per  cent.  The  results  of  the  tests  are  shown 
on  the  diagrams,  Figs.  8  to  11,  and  on  tables  1  to  5. 

24.  There  was  a  slightly  lower  coal  and  steam  consumption 
with  the  American  than  with  the  “ L”  type  valve.  The  diagrams. 
Figs.  8  to  11,  show  curves  for  the  three  valves  on  both  locomotives. 
In  Fig.  11,  the  “L”  type  valve  compared  with  the  American  valve 
shows  practically  the  same  results. 

25.  At  the  speed  of  6.6  miles  per  hour  (40  revolutions  per 
minute)  and  at  a  cut-off  of  about  20  per  cent,  with  the  American 
valves,  the  drawbar  pull  was  13,283  pounds,  as  against  a  pull  of 
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9,114  pounds  with  the  Stayman  valves,  under  the  same  conditions 
as  nearly  as  could  be  maintained,  or  a  loss  by  the  Stayman  valves 
of  4,159  pounds,  equivalent  to  31  per  cent,  of  the  drawbar  pull. 
At  26J  miles  per  hour,  the  highest  speed  of  the  tests,  a  similar  com¬ 
parison  of  the  pulls  shows  a  loss  of  3,500  pounds  or  29  per  cent, 
with  the  Stayman  valves. 

26.  The  fact  that  the  valves  were  leaking  to  such  an  extent 
was  not  evident  from  the  sound  of  the  exhaust  while  the  locomotive 
was  in  motion.  With  the  locomotive  standing  the  reverse  lever 
was  placed  in  the  centre  notch  and  with  the  driving  wheels  on  each 
quarter  stroke  position  the  throttle  valve  was  opened.  Under 
these  conditions  there  was  a  heavy  blow  or  valve  leak. 

Cost  of  Valves. 

27.  The  first  cost  of  these  valves  to  equip  one  locomotive  is  as 
follows : 

American  Semi-plug  Piston  Valves,  complete  (2  valves)  $77  00 

“L”  Type  Piston  Valves,  complete  (2  valves) _  71  46 

Stayman  Self-expanding  Piston  Valves,  complete  (2  valves)  360  00 

28.  The  cost  of  renewals  of  parts  most  subject  to  wear,  or  the 
rings  which  are  in  contact  with  the  valve  cages,  is  as  follows: 


American  Valve  (8  snap  rings  and  4  wide  rings) _  $15  96 

“ly”  Type  Valve  (8  snap  rings) . . . . . . , .  3  04 

Difference _ _ _ _ _ _ _ _  $12  92 

Stayman  Valve  (4  segment  rings) . . . . .  $180  00 


29.  The  quotations  on  the  Stayman  valves  are  for  single 
valves,  while  those  on  the  other  two  are  for  considerable  quanti¬ 
ties.  The  higher  price  at  which  the  Stayman  valve  was  offered, 
especially  in  view  of  the  poor  results  obtained,  made  further 
inquiry  as  to  costs  not  worth  while. 

Conclusions. 

30.  The  Stayman  piston  valves,  when  in  good  working  order, 
leak  so  badly  as  to  seriously  limit  the  hauling  power  of  the  locom- 
motive.  They  used  from  25  to  200  per  cent,  more  steam  and  from 
44  to  81  per  cent,  more  coal  per  unit  of  power  than  the  standard 
valves  for  the  “H6b”  locomotive. 
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31.  The  excessive  leakage  of  this  valve  is  probably  due  to  the 
rigid  construction  of  the  expanding  or  packing  ring.  This  heavy 
ring  cannot  adjust  itself  to  unevenness  of  the  valve  cage.  This 
valve  is  not  well  adapted  to  valve  cages  which  are  slightly  out  of 
alignment  at  the  opposite  ends  of  the  steam  chest  on  account  of 
its  packing  rings  being  held  parallel  at  all  times. 

32.  The  very  little  difference  shown  between  the  “L”  type 
and  American  valves  in  steam  and  coal  consumption  per  unit  of 
power  in  favor  of  the  American  valve,  is  too  small  to  be  given 
serious  consideration  (Paragraph  24). 

33.  There  is,  on  the  other  hand,  a  slight  advantage  in  the 
cost  and  weight  of  the  complete  “  L  ”  type  over  the  American  valve, 
and  a  very  large  saving  possible  in  the  cost  of  the  renewal  parts  on 
account  of  the  simplicity  of  the  parts  of  the  “L”  type  valves 
(Paragraphs  27,  28  for  cost,  10  and  13  for  weight). 

34.  The  “Iv”  type  of  valve  may  be  manufactured  without 
any  liability  for  patent  infringement  about  which  there  might  be 
some  question,  in  the  cases  of  both  the  American  and  Stayman 

valves.  , 

Recommendations. 

35.  The  Stayman  valve  is  very  wasteful  in  the  consumption 
of  steam  and  coal  and  should  not  be  used  in  any  service  (Paragraphs 
22  and  25). 

36.  There  is  pending  a  complete  series  of  trials  to  show  the 
leakage  of  piston  valves  of  sizes  ranging  from  12  to  18  inches  in 
diameter  with  various  designs  of  rings.  These  are  to  be  made  on  a 
specially  constructed  machine.  We  believe,  therefore,  in  view 
of  the  equal  performance  and  of  the  advantage  in  maintenance 
cost  of  the  “L”  ring  type  (Paragraphs  32  and  33)  that  it  should 
be  used  for  new  work  and  for  renewal  of  American  valves  when 
the  spool  requires  replacement. 

C.  D.  YOUNG, 

Engineer  of  Tests. 

Approved : 

J.  T.  WALLIS, 

Genl.  Supt.  Motive  Power. 

Test  Department, 

Altoona,  Penna:, 

April  23,  1912. 
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CLASS  H6b  LOCOMOTIVE. 


The  Locomotive  used  in  the  Tests. 

Fig.  1. 

THE  LEADING  DIMENSIONS  OF  THE  “H6b” 
LOCOMOTIVE  ARE  AS  FOLLOWS: 


Total  weight,  pounds . 198,267 

Weight  on  drivers,  pounds . . .  176,600 

Cylinders  (simple),  inches . . .  22x28 

Diameter  of  drivers,  inches . . . . .  56 

Fire-box  heating  surface,  square  feet .  166.4 

Heating  surface  in  tubes  (water  side),  square  feet .  2673.68 

Total  heating  surface  (based  on  water  side  of  tubes), 

square  feet . 2839.74 

Total  heating  surface  (based  on  fire  side  of  tubes),  square 

feet . : .  2505.29 

Grate  area,  square  feet . . . . .  48.66 

Boiler  pressure,  pounds . . . . . . .  205 

Valves . American,  Stayman  and  “L”  type 

Valve  motion . . . . . . . Walschaerts 

Fire-box,  type . Belpaire 

Number  of  tubes  . . . . . . .  373 

Outside  diameter  of  tubes,  inches .  2 

Length  of  tubes,  inches.. . 164.28 


The  maximum  tractive  effort  is  39,773  pounds,  which  is  cal¬ 
culated  on  the  assumption  that  80  per  cent,  of  the  boiler  pressure 
(205  pounds)  is  available  as  mean  effective  pressure  at  starting. 
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“L”  TYPE  VALVE. 
Assembled. 


AMERICAN  VALVE. 
Assembled. 


STAYMAN  VALVE. 
Assembled. 

12  inch  valve. 


Fig.  2. 
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AMERICAN  VALVE.  STAYMAN  VALVE.  “L”  TYPE  VALVE. 

Partly  Dismantled.  Partly  Dismantled.  Partly  Dismantled. 

This  is  a  14  inch  valve  of  the  12  inch  valve, 

same  general  design  of  the  12 
inch  valve  tested. 


Fig.  3. 
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LOCOMOTIVE 

TYPE  'ZL-a-O 

Pennsylvania  Railroad 

Company 

CLASS 

NUMBER  2.0^0 

TEST  DEPARTMENT 

Locomotive  Testing  Plant 

SUBJECT 

A 

ALTOONA  PA 

A|vte:RICA«tS  -  P>UW  Cr  '✓AUS/C. 


-6k" 


VAi.v«:  CAfl^c.. 


THE  AMERICAN  SEMI-PLUG  PISTON  VALVE,  SECTION  THROUGH  THE  PACKING  RINGS. 
There  are  two  packing  rings  with  a  wide  ring  between.  Under  the  wide  ring  are  three  wedge  rings. 
The  lower  drawing  shows  the  cast-iron  cage  that  is  pressed  into  each  end  of  the  steam  chest. 

Fig.  4. 
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THESTAYMAN  SELF-EXPANDING  PISTON  VALVE,  SECTION  THROUGH  PACKING  RINGS. 
The  packing  ring  is  1  i  inches  thick  and  2^  inches  wide.  The  thin  ring  under  it  is  the  steel  expansion 

or  spring  ring. 

Fig.  5. 
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Pennsylvania  Railroad  Company 

TEST  DEPARTMENT 
LOCOMOTIVE  TEST|hK3  PLANT 

SUBJECT  RlSTOrS  VA,L->/e.S_ autoona  pa  S-5~M 


LOCOMOTIveS 

TYFC  ‘S.-a— O 
CLASS  HeB 

NUMECR 


L  TYPE- 


THE  “L"  TYPE  VALVE,  SECTION  THROUGH  RINGS. 
The  two  packing  rings  are  “L”  shape  in  section. 

Fig.  6. 
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SECTION  THROUGH  CYLINDER  AND  PISTON  VALVE,  H6b  CLASS  LOCOMOTIVE. 

The  valve  has  inside  admission.  The  steam  lap  is  |  inch  negative.  The  exhaust  lap  is  i  inch 
negative.  Above  the  valve  there  is  a  flat  by-pass  or  drifting  valve. 

Fig.  7. 
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INDICATED  HORSEPOWER  AND  STEAM  PER  HORSEPOWER  FOR  THE  THREE  VALVES. 
The  Stayman  valve  shows  excessive  leakage  of  steam.  The  “L”  type  shows  a  higher  water  rate 

than  the  American  valve. 

Fig.  8. 


COOKDINATE  PAPER.  J  B.  ri.jCoKeii,  N.  J. 


DRY  COAL.  POUNDS  PER  INDICATED  HORSE  POWER  HOUR. 

COOkDtNATE  PAPES.  J.  a  Webb,  Hoboken,  N.  J. 
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INDICATED  HORSEPOWER  AND  COAL  PER  HORSEPOWER. 

The  Stayman  valve  uses  very  much  more  coal  than  the  others  per  unit  of  power.  The  “L”  type  and 

American  show  results  practically  equal. 

Fig.  9. 


CCKIRDINATE  PAPER.  J  a  We».  Hoboken,  H.  J.  . mOAlltB,  « 
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DYNAMOMETER  OR  DRAWBAR  HORSEPOWER  AND  STEAM. 
The  valves  show  the  same  characteristics  as  in  Fig.  7. 

Fig.  10. 


CO-(.4<L»INATE  PAPER.  J.  a  WEBB.  Hoboicen,  N.  J,  -  . NEUahVE. 
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DYNAMOMETER  HORSEPOWER  AND  COAL. 

This  diagram  shows  the  net  power  per  pound  of  coal.  The  Stayman  valve  uses  from  6  to  12.5  pounds 
per  unit  of  power,  while  the  “L"  type  and  American  use  from  3.5  to  6  pounds 
and  no  difference  can  be  found  between  them. 

Fig.  11. 


CO-ORDINATE  PAPER.  J.  B.  WiM.  Hoboken.  N.  J.  . UCaTITi,  t 
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icr 


M.  P.  394 


LOCOMOTJVE 

TYPE 
CLASS  . 
NUMBER 


Pennsylvania  Railroad  Company 

Ptriladalptiia,  Baltimore  A  Waehinaton  Railroad  Companr 
Northom'Contral  Railway  Company. 

Watt  Jeraoy  A  Seas’  re  Railroad  Companv 

TEST  DEF=»ARTIVIEIMT 


T  <  U07 


FUEL:\)AMiSiQ.tH 

. .Cr..O!Al>.V...... 


Averaqc  Results  of  Locomotive  Tests 
SUBJECT:  PiSTOrH  Vauvrs,  Amejric^m4  Stt^rPvviier  Altoona,  PA.,io-va-mo 


TEST 

NUMBER 


I^unning  conditions 


TEST 

DESIGNATION 


duration 

of 

Tsrt, 

Nmts 


■lies 

per 

Hour 


Throttle 
Opening, 
Full  or 
Partitl 


Actual 
Cirt'Tifr 
Per  Ceetsf 
H.  P. 
Cylinders 


CoHome«4 

o»r 

aho 


BOILER 


Pressure 
In  Boiler, 
Lbs.  per 
Sq.  Inch 


Draft 

In 

Smoke  BeXf 
Inches 
of  Water 


ERFORMANCE 


Draft 

In 

Ath  Pan, 
liKhns 
of  Watnr 


Cniofftle 
Vnlee 
of  Dry 

B.T.U.  iwLb. 


Cinders 
Coflactedin 
SmnknBox, 
Pounds 
per  Hour 


t.  f.  1.  Cat-eft  Tbretlla 


1M 


199 


203 


268  It  271 


217 


222 


226 


248 


238 


t%OO.S2i1  AO-eo-F 


laoo.szE 


jioo.bT*  j5o-AO-r 
^^00.5^^  \00*A0-F 
IZOO.SI*  \ZO"40-F 
iT.eo.a«9  lAO'^O'F 
•TOO. sue  J€»0'3t0-F 


TEST 

NUMBER 


SO-TOF 


a 

s 

a 

t 

t 

2 

I 


©  eGA 
^.97 

t«s.S8 


Fui-L. 


16.6 
18. 1 
39  .S 
AO.S 
4‘2.,\ 

34.7 

3Z.8 


OU.O 


SOTa.S 

20^.9 

20'3».4 

204.9 

204  .A 

204.S 

204.  9 


1.1 
\A 
A2. 

5.1 
<0.2. 
5.0 
SA 


O 

O 

.1 

.1 

.1 

.1 


5 

3A 

5-^ 

3% 

157 

7G. 

149 


BOILER  PERFORMANCE 


Dry  Feel 
Rred 
per  Hour, 
Pounds 


Dry  Fuel 
per  Hour, 
Pounds  per 
Sq.  Ft.  of 
Grate 


Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 


EQUIVALENT  EVAPORATION 
FROM  AND  AT  212^  F.,  POUNDS 


Per 

Hour 


Per  Hour 
pe^q.  Ft. 

OT  Fire 
ileating  Sur. 


Per 

Pound 

of 

Dry  Fuel 


Boiler 

Herso 

Power 

(34iU.Of^y 


Efficiency 
of  Boiler, 


Fuel 


ENGINE  PERFORMANCE 


Pressure 

Ip 

Branch  Plp^ 
Pounds 
per  Sq.  In. 


Superheat 

In 

Branch 

Pipe, 

Degree,  f . 


338 


339 


340 


344 


345 


347 


349 


350 


220 


230 


leOO.BZA 

i«oo.szs 
txee.szA 
1200  jun 
1200  .su 

1200. SC9 
1200. S-SC 


1482. 

3SOS 

40 8A 

5004 

4148 

49<S4 


2'S.9Q 
29. e4 
72. OS 
03.97 

102.  on 
as.zs 
102.02] 


9<340 
11900 
24409 
2899  \ 
52984 
28  8 
2S7  7  0 


U40S 

tA079 

29540 

39  825 

38589 

34542 

35477 


4.55 

5.82 

11.71 
13.50 
15.40 

13.72 
14.18 


9.51 

9.70 
a.  37 
8.25 

7.71 
8.25 
7.15 


330.«3 

405.  I 

850.4 

950.4. 

1115.8 

99&.0 

1028.3 


6C>.7d 

68.04. 

56  98 

56.37 
52.49 

56.37 
48  .<50 


TEST 

NUMBER 


ENGINE  PERFORMANCE 


Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 


indicated 

Horse 

Power 


Dry  Fuel 
per 

indicated 

Horse 

Power  Hour, 
Pounds 


Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 


LOCOMOTIVE  PERFORMANCE 


Drawbar 

Pull, 

Pounds 


Dynamometer 

or 

Drawbar 

Horse 

Power 


Dry  Fuel 
per 

Dynamom. 

Horse 

PovvorHour, 

Pounds 


Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 


Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 


Therma! 

Efficiency 

of 

Locomotive, 
per  Cent., 
(BasedonFuel) 


214 


379 


380 


381 


265 


383 


384 


366 


398 


399 


1200  .SM 
1200 .52« 
1200  .B2G 
1200.521 
I200.52S 
1200.523 
tZOO.SK 


9014 

1175<2* 

24215 

28047 

31942 

28804 

29410 


289.  4 
423.7 
947.4 

1138.2 

1258.3 

1170.3 
1244.2 


4.02 

3.43 

3.70 

3.61 

3.05 

3.S4 

3.99 


31  .18 

27. 75 
25. S6 

24.75 
24.79 
24.36 
23.64 


13273 

13026 

243B5 

22449 

21  303 

16459 

15269 


235.2 

346.2 

863.2 

1004.2 

1132.5 

1022.6 

1082.3 


4.94 

4.19 

4.06 

4.07 

4.42 

4.06 

4.59 


38.32 

33.94 

25.05 

27.93 

25.20 

27.57 

27.17 


51. 3 
81.7 
91 .1 
85.6 
87.9 

87.4 

87.0 


3.6 

4.3 

4.4 
4.4 
4.  I 
4.4 
3.9 


RESULTS  OF  TESTS  WITH  AMERICAN  VALVES.  OLD  VALVES  AND  CAGES. 
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M.  P.  994  A.-9ixth  Sheet 

8  X  lOH 

LOCOMOTIVE: 

TYPE  '2L-e>-0 
CLASS  H<3b 
NUMBER  ?!.S€>0 


7  6  lior 


Pennsylvania  Railroad  Company 

Pkiladelphis,  Baltimore  A  Waehinoton  Railroad'Coaipwy 
Northern  Central  Railway  Company 
Weit  Jersey  &  Seashore  Railroad  Company 

TEST  D  E  PA  WTtS/l  KtSIT 


FUEL:  Jam* 'SiQH 

....C«.O^S..Wm . . 


Average  Results  of  Locomotive  Tests 


SUBJECT:  RiSTOM . NZ/SV-N^g-S;^ 


Altoona,  Pa. ,  .tO.-VB-l*9VO 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 


TEST 

DESIGNATION 


Duration 

of 

Test, 

Hours 


Miiot 

por 

Hour 


Throttle 
Opening, 
Full  or 
Partial 


Actual 
Cut-off 
Per  Cents, 
H.P. 
C/Hnders 


COHOTT»«^ 

O 

A.HO 


Pressure 
In  Boiler, 
Lbs.  per 
Sq.  inch 


Draft 

in 

Stnoke  Box, 
Inchee 
of  Water 


Draft 

in 

Ash  Pan, 
laches 
of  Water 


CaioH4c 
Vaiue 
of  Dry 
Fuel, 

B.T.U.  per  Lb. 


CMert 
Collected  In 
Smoke  Box^ 
Pounde 
per  Hour 


I.  P.  M.  Cul-off  Tbreftle 


196 


199 


203 


m  to  271 


217 


222 


225 


248 


238 


iioo.ue 

IZOO.S87 

iaoo.554- 

tZOO.BSS 

itjoo.9«ei 

jfC.ao.B9e 


40-20-F. 

eo-2o-F 

60-40-F 

I00-40-F 

W40-30-F 

teo-ao-F 


3 

3 

2. 

2. 

I.2S 


9  .03 
Vh.TA- 
Ife.55 

23.  \e 

26.47 


FhJCU 


I&.7 

\9.l 

37.5 

39.0 

30.0 

2&.A- 


nb:w 


20  4- S 

207^6 
201 .6 

702.9 
Eot.  I 


2.7 

2.4 

£.4 

e».4 

5.9 

3.9 


o 

o 

.1 

.1 

.1 


\3S47 


BOILER  PERFORMANCE 


Z7 

112. 

193 

277 

478 


EI6INE  PERFORMMCE 


TEST 

NUMBER 


Dry  Feet 

Fifed 

per 

Pounds 


Dry  Fuel 
per  Hour, 
Pounds  per 
$q.  Ft.  of 
Grate 


WAer 
D4iv»fed 
to  Botlei, 
Poufds 
per  Hour 


EQUIVALENT  EVAPORATION 
FROM  AND  AT  212^  F.,  POUNDS 


Per 

Hour 


Per  Hour 
per  Sq.  Ft. 

of  File 
Heating  Sur. 


Per 

I  Pound 
of 

Dry  Fuel 


BoUer 

Horse 

Power 

OAiU.ofE.) 


Efficiency 
of  Boiler, 
Based 

OR 

Fuel 


Pressure^ 

In 

Branch  Plpe^ 
Pounds 
per  Sq.  In. 


Superheat 

In 

Branch 

Pipffi 

Degrees  F, 


338 


339 


340 


344 


345 


347 


349 


350 


220 


230 


r200.66C> 

IZOO«5ST 

1200.554 

1200.555 

t2oo«ssa 

1200.559 


200t 

22.12. 

4-S&4 

siae 

52-59 

576*1 


41.14 

45.48 

90.10 

106.58 

lOT.ST 

I  I8.&i 


»S79€* 
17  433 
29993 
3I936> 

302  88> 

31  ©04 


18777 

30704 

344J7 

38n<3 

34188 

37982 


7.50 
8.24 
IT).  82 
15.21 

14.44 


9.38 

9.36 

7.90 
7.35 

4.91 

4.57 


S44.3 
400. \ 
1003.4 
\  1 04.8 

\04&.9 

noo.9 


44.87 

44.-73 

54.32 

52j40 

49.24 

46.84 


ENGINE  PERFO 

RMANCE 

LOCOMOTIVE 

PERFORMANCE 

TEST 

NUMBER 

Dry  Steam 
to 

Engines, 
Pounde 
per  Hour 

Indicated 

Hocee 

Power 

Dry  Fuel 
per 

htdlcated 

Horse 

Power  Hour, 
Pounds 

Dry  Steaip 
per 

indicated 

Horse 

Power  Hwifi 
Pounde 

Cbawbar 

Pufl, 

Bounds 

DjMmometer 

Of 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamom. 

Horse 

PowerHour, 

Pounds 

Dry  Steam 
per 

Dynamom. 

Horse 

Poieer  Hour, 
Pbunds 

Machine 

Efficiency 

of 

Lecomotive, 
Per  Cent. 

Thermal 

Efficiency 

of 

Locomotive, 
per  Cent., 
(BasedonFvel) 

214 

379 

380 

381 

26S 

383 

384 

385 

398 

399 

1200.550 

14544 

243.4 

8.23 

S9.84 

9114 

140.8 

124S 

90.58 

6«.  I 

1.51 

I200.B5T 

14494 

351.4 

4.30 

47.81 

9843 

241. 1 

8.47 

63.94 

74.3 

2.28 

1200.554^ 

28478 

862.4 

5.04 

33.01 

20084 

708.9 

4.18 

40.17 

81.2 

3.04 

1200.555 

3»  »S2 

99S.8 

5.21 

3«  .2* 

18852 

831.8 

4.23 

37  .45 

&3.S 

3.02 

1200.555 

29448 

971 . 1 

5.39 

30.  55 

12470 

-r82.4 

4.49 

37.91 

80.& 

2.81 

(500.555 

31238 

1 034,8 

5. SB 

30.  \4 

\17&8 

830.0 

4.97 

37.44 

BO.l 

2.70 

RESULTS  OF  TESTS  WITH  STAYMAN  VALVES,  NEW  VALVES  AND  CAGES. 
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1  M.  P.  804  A. — Sixth  Shoet  7  a  iftfrr 

1  Pennsylvania  Railroad  Company 

1  1  DPrilUirtTIl/P  •  Philadelphia.  Baltifflors  &  Wathinflton  R<ilro«d  Company 

•  1  IVC..  Northorn  Control  Railway  Company  . 

TYPF  Woof  Jersey  A  Soaohoro  Railroad  Company  FU E L  1  ,S?  Aktyl  Vw?0,N.... 

n  Asc  test  def>artivieimx  JC  OA^V- . 

NUMBER  ^Le>€>o  Average  Results  of  Locomotive  Tests 

SUBJECT  :  STOM  VAL.V^'Siy  Awei^CAt'*  ALTOONA,  PA.,VQrVBxiSllO. . 

TEST 

NUMBER 

RUNNIN 

G  CO 

EDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Test. 

Hours 

Miles 

per 

Hour 

Throttle 
Opening, 
Full  or 
Parttxl 

Actual 

Cut-off 

Per  Cent., 
H.P. 
Cylinders 

CO»eo\T*«H 

or 

V4v.v«.% 

Ano 

CA.Ges 

Pressure 
in  Boiler, 
Lbs.  por 

Sq.  Inch 

Draft 

in 

Smoke  Box, 
Inches 
of  Water 

Draft 

in 

Ash  Pan, 
Inches 
of  W^er 

Calorific 
Value 
ef  Dry 

Fuel, 

B.T.  U.  per  Lb. 

Cinders 
Collected  in 
Smoke  Box, 
Pounds 
per  Hour 

R.  f  M.  Cut-off  Throttle 

(96 

(99 

203 

268  to  271 

21T 

222 

226 

248 

238 

iVOO.STi 

»oo.57Z 

IZ00.87S 

t»oo .  S74- 

1700.575 

1700.575 

ItOO.STT 

.40-ao-F. 
€»o-eo-F 
©0-40-  r 
100-40-F 

iao-4o-r 

\40-30-r 

ICO-30-F 

3 

3 

2. 

2. 

LS 

2. 

1 

&  .57 
9  .83 
13  .24 
18.55 
18.85 
23.  (a 
2C».47 

P'out.. 

H 

• 

M 

It 

It 

•I 

22 .5 

71 .7 

40.8 
■42.3 
■41.7 

35.5 
37.1 

New 

•* 

« 

m 

tt 

« 

« 

205.7 

204.8 

204.8 

20>.  Z 

203.8 
207.5 
205.0 

1  .3 

1.6 

4.4 

5.4 
6.2 

5.4 
S.7 

0 

o 

.1 

.1 

.1 

0 

.1 

1-5766 

• 

«k 

• 

« 

• 

4-2. 

83 

58 

181 

147 

177 

183 

« 

TEST 

NUMBER 

BOILER  PERFORMANCE 

i  ERBilE  PER 

FORMARCE 

Dry  Fuoi 
Fired 
per  Hour, 
Pounds 

Dry  Fuel 
per  Hour, 
Pounds  per 
Sq.  Ft,  of 
Grate 

Water 
Dadvered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212°  F,  POUNDS 

Boilor 

Horse 

Power 

(34iU.ofE.) 

EfRclency 
of  Boiler, 
Based 

on 

Fuel 

Pressere 

la 

Branch  Pipe, 
Pounds 
por  Sq.  In. 

Superheat 

In 

Branch 

Pipe, 

Degrees  F. 

Per 

Hour 

Per  Hour 
per  Sq.  Ft. 

of  nre 
Heating  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

345 

347 

349 

350 

220 

230 

1700.571 

1700.877 

tlOO.S75 

1700.  S74- 

(700.575 

(700.  BTS 

1700.  ST7 

lie© 

15©7 

3S3<i 

AfetT. 

53BS 

A-r5> 

4aZ3 

a4.4i 

37.8a 

T7.a7’ 

S4.7B 

110.13 

98.4dE» 

SS.O> 

I08&& 

»3a»3 

a5T3a 

2857S 

37575 

30ISO 

3>>S4 

>300 a 

\5«*78 
307X5 
35  OAT. 

382:57 

36004 

37740 

5.18 

6.76 

17.78 

14.73 

15.65 

14.40 

14.86 

10.85 

9.82 

8.70 

7.75 

7.33 

7.53 

8.06 

377.0 

■464.5 
887.2 
r034.0 
1138.8 
1045.4 
1078 4- 

76.82 
68.80 
61  .04 
54.23 
51.43 

52.83 
S6.SS 

TEST 

NUMBER 

ENGINE  PERFO 

RMANCE 

LOCOMOTIVE  PERFORMA 

NCE 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

indicated 

Horse 

Povier 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Drawbar 

Pull, 

Pounds 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  ,  uel 
per 

Dynamom. 

Horse 

PowerHowr, 

Pounds 

Dry  Ste*.m 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thtnnal 

Efficiency 

of 

Locomotive, 
per  Cent., 

'  Based  onFue 

) 

214 

379 

380 

381 

265 

383 

384 

385 

398 

399 

1700. 87( 

>700.577 

1700. 875 
1700.874. 

(700. 57& 

(TOO.  57a 

>700.577 

»04©l 

lasaA 

7534-S 

a.'vesi 

305e© 

378.5 

450.  > 

\003.4 

118^.5 

1288.3 

H85.0 

ta47..8 

3.6t 

3.S5 

3.S7 

4.oe 

4..\a 

4.01 

3.77 

3>.84 

77.87 

as.eG 

78.03 

76.18 

74.81 

74.61 

(4307 

13387 

74385 

71888 

70647 

16106 

14347. 

267.4 

354.5 

860.5 
866.1 

1097.8 

984.8 
1017.4 

4.71 

4.30 

■4.11 

4.77 

4.80 

4.82 

4.57 

41.66 

35.33 

28.45 

30.35 

28.72 

28.81 

30.19 

76.6 

78.8 

85.8 

85.8 

84.8 

83.2 

81.5 

3.83 

4.11 

4.50 

3.88 

3.77 

J.84 

4.0S 

-  -  ..  .  ■ 

RESULTS  OF  TESTS  WITH  AMERICAN  VALVES,  NEW  VALVES  AND  CAGES. 
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394  A-Stith  Sheet 


Philadelphia,  BaNimora  4  WaahingtOH  Railroad  Campaay 
Northara  Central  Railway  Company 
Waat  Jaraay  4  Saaihora  Railroad  Company 


Pennsylvania  Railroad  Company 

LOCOMOTIVE: 

TYPE  O 

CLASS . HJfeB. 

NUMBER.  Average  Results  of  Locomotive  Tests 

SUBJECT  ;  Rl  “T'l'r=»EL  .  Altoona,  Pa,, a Q.-  » &  -  IS U 


TES^ 


DERARTMENT 


FUEL  :  dAMlS»0«S 

...COAivX-. 


TEST 

NUMBER 

RUNNING  CONDITIONS  | 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hoars 

Miles 

per 

Hour 

Throttle 

Opening, 

Full  or 
Partial 

Actual 

Cut-off 

Par  Cent, 

H.  P. 
Cylinders 

Pretture 

In  Boiler, 
Lbs.  per 

Sq*  Inch 

Draft 

In 

Smoke  Bex, 
Inches 
uf  Water 

Draft 

In 

Ash  Pan, 
indins 
of  Watnr 

Calerllc 
Value 
of  Dry 

Fuel, 

B.T.U.perLb. 

Cinders 

Collacted  In 

Smekt  Bex, 

Pounds 
ptr  Hour 

LP.M.  Cnt-eHThieHle 

196 

199 

2D3 

268  ts  271 

1  217 

222 

226 

248 

238 

2201 

40-20-F 

3 

6.6 

Fuuu 

1&.2 

206.4 

1  .  1 

0 

1402^ 

5 

2202 

60'  20- F 

3 

9.9 

IS 

IS.?. 

206.0 

!.4 

O 

i< 

7 

2203 

60-30-F 

2.5 

9.9 

M 

28.9 

2068 

l.Z 

O 

• 

17 

2204 

80-  40- F 

2 

13 .2. 

a 

39.2 

205.5 

4.5 

o 

M 

37 

2205 

100'40-F 

2 

16.5 

i« 

41.1 

204-8 

5.2 

o 

B 

4& 

2206 

120- 40- F 

2 

19.8 

M 

40.9 

205.8 

6.0 

o 

n 

114 

2207 

14O-30-F 

2 

23.1 

II 

30.5 

206.0 

4.8 

o 

\% 

S7 

2208 

i60-30-F 
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ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 
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RESULTS  OF  TESTS  WITH  “L"  TYPE  VALVES  ON  LOCOMOTIVE  884. 
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LOCOMOTIVE : 

TYPE  ,.'2.-  B"0 

CLASS . H€>B 
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11-11*10 


FUEL  :  J  am VSOM 
C..Q/S.L^ . 


Average  Results  of  Locomotive  Tests 
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RESULTS  OF  TESTS  WITH  AMERICAN  VALVES  ON  LOCOMOTIVE  884. 
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PENNSYLVANIA  RAILROAD  COMPANY 


Locomotive  Testing  Plant 


AT 

ALTOONA.  PENNA. 


BULLETIN  No.  8  (REVISED) 

Fobmkrly  Bulletins  Nos.  10  and  23 


GRATE  AREA  REDUCED 

AND 

GRATES  WITH  SOLID  ENDS 


C'-OPVRKJHT.  1912,  BY  PENNSYLVANIA  RaILROAD  COMPANY 


1912 


GENERAL  ARRANGEMENT  OF  LOCOMOTIVE. 
Fig.  1. 


LOCOMOTIVE  TESTING  PLANT. 


GRATE  AREA  REDUCED. 

Two  forms  of  modified  grate  tested  for  their  influence  upon  boiler 

efficiency  and  smoke. 


(Conclusions  and  recommendations  on  pages  26  and  29.) 

INTRODUCTION. 

1.  These  tests  justify  the  conclusion  that  a  reduction  in  the 
grate  area  is  undesirable  and  that  such  a  practice  affects  the  boiler 
capacity  and  efficiency  and  does  not  improve  the  smoke  conditions. 
Efforts  to  abate  smoke  on  a  locomotive  should  be  directed  along 
other  lines  than  by  the  blocking  off  of  existing  grate  areas. 

2.  In  view  of  the  introduction  of  mechanical  stokers,  the 
subject  deserves  more  careful  study,  and  it  is  hoped  that  the 
following  description  of  tests  of  different  areas  of  grate  will 
add  something  of  value  to  the  data  on  this  subject. 

3.  Before  the  general  use  of  the  wide  grate  on  locomotives, 
the  length  had  been  limited  to  about  ten  feet,  as  the  greatest 
distance  that  coal  could  be  thrown  by  the  average  fireman  and 
with  the  introduction  of  the  wide  grate  the  length  has  still  been 
restricted  for  the  same  reason. 

4.  There  seems  to  be  an  impression  on  certain  divisions  that 
the  wide  grate  is  too  large  on  some  of  our  passenger  locomotives, 
for  best  results,  and  extensive  use  has  been  made  of  a  method  of 
blocking  off  or  covering  part  of  the  grate  surface,  usually  at  the 
forward  end.  The  assertions  in  regard  to  this  or  any  other 
method  of  reducing  the  grate  area  were  debatable.  On  long 
passenger  runs  it  has  been  claimed  that  the  grate,  thus  reduced  in 
area,  is  easier  to  fire  because  of  its  being  smaller  ancf  the  active 
part  near  the  firedoor  so  that  coal  does  not  have  to  be  thrown  so 
far  to  cover  it. 


(3) 
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5.  Whether  or  not  the  reduced  grate  is  easier  for  the  fireman 
to  handle  will  probably  remain  a  matter  of  individual  opinion  and 
one  not  easily  determined  for  the  average  fireman.  There  are, 

m 

however,  certain  facts  in  regard  to  the  reduced  grate  that  can  be 
developed  by  tests,  and  the  tests  hereafter  described  have  been 
made  to  show  the  effect  of  the  reduced  grate,  in  coal  consumption 
and  emission  of  smoke.  The  practice  of  reducing  the  grate  is 
found  to  be  undesirable  as  the  capacity  of  the  locomotive  for 
making  steam  is  reduced  and  little  benefit  in  smoke  reduction 
realized. 

6.  The  standard  grate  for  the  class  E2a  locomotive  has  an 
area  of  55.5  square  feet,  including  the  dead  grate  at  the  forward 
end,  which  has  an  area  of  about  9  square  feet.  There  are  two 
drop  grates  which  are  fixed,  but  have  holes  for  the  admission  of 
air.  The  active  or  shaking  portion  of  the  grate  has  an  area  of 
about  31  square  feet. 

Mkthod  of  Reducing  Grate  Area. 

7.  On  the  Atlantic  City  Division  where  the  grate  has 
been  reduced,  the  method  used  is  to  disconnect  six  sections 
of  shaking  grate  at  the  front  end  of  the  firebox.  This 
portion  of  the  grate  is  then  covered  with  firebrick.  Sometimes 
a  sheet  of  steel  is  placed  over  the  grate  before  laying  the  bricks 
so  that  there  will  be  no  cold  air  leaks,  should  any  of  the  bricks 
become  broken. 

8.  On  the  New  Jersey  Division  a  similar  method  is  used  but 
the  area  covered  with  brick  is  less,  so  that  all  of  the  shaking  part 
of  the  grate  is  still  open  and  can  be  operated. 

9.  The  areas  of  the  several  grates  are  given  below. 


Area  of  Grate 
IN  Sq.  Feet. 

Relative  Area 
IN  Percent. 

Ratio  or  Heat¬ 
ing  Surface  to 
Grate  Area. 

Standard . 

55.5 

100 

41.8 

New  Jersey  Division . 

39.5 

71 

58.7 

Atlantic  City  Division. 

29.76 

54 

77.9 
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10.  The  grate  of  this  locomotive  as  reduced  in  area  on  the 
New  Jersey  Division  is  shown  in  Fig.  2,  while  Fig.  ^  shows  the 
method  used  on  the  Atlantic  City  Division. 


GRATE  WITH  FRONT  PORTION  COVERED  WITH  FIREBRICK 
as  used  on  New  Jersey  Division.  All  of  the  shaking  grates  can  be  used.  The  grate  area 

is  reduced  29%. 

Fig.  2. 

11.  The  locomotive  used  in  the  tests  was  an  Atlantic  Type 
passenger  locomotive  of  the  E2a  class  and  is  shown  in  Fig.  1. 

Coal  Used  in  the  Tests. 

12.  Two  kinds  of  coal  were  tried,  one  a  low  volatile  coal, 
which  breaks  up  easily  into  small  particles  and  is  drawn  through 
the  tubes  in  the  form  of  cinders  and  sparks,  and  the  other  a 
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Pittsburgh  region  gas  coal,  which  shows  little  tendency  to  dis¬ 
integrate  in  the  firebox.  The  analysis  of  the  two  coals  was  as 
follows : 


Scalp  Level 
Coal 

Penn  Gas  Coal 

Fixed  carbon . 

76 . 98% 

58 . 36% 

Volatile  combustible . 

15.96 

35.65 

Ash . 

6.02 

4.71 

Moisture . 

1.04 

1.29 

100.00 

100.00 

Sulphur . 

0.91 

1.15 

B.  t.  u.  per  pound,  dry . 

15167 

14864 

Method  of  Making  Tests. 

13.  The  tests  were  of  two  or  three  hours  duration  in  most 
cases.  The  locomotive  was  run  under  the  test  conditions  for 
about  fifteen  minutes  before  the  test  began.  The  fire  would  then 
have  been  built  up  and  the  rate  of  firing  established  for  the  load 
upon  the  boiler.  The  firing  was  continued  at  the  same  rate  of 
firing  as  shown  by  the  graphical  log  for  each  test. 

14.  The  boiler  was  operated  under  light,  medium,  and  heavy 
loads  and  the  firing  was  done  by  experienced  men. 

Results  of  Tests. 

Low  Volatile  Coal,  Evaporation: 

15.  The  results  of  the  tests  with  the  low  volatile  coal  on  two 
sizes  of  grate  are  shown  on  Tables  4  and  6  and  some  of  these 
results,  showing  the  evaporation  and  efficiency,  are  plotted  in 
Figs.  4,  5  and  6. 

16.  With  the  reduced  grate  there  is  a  loss  in  evaporation  and 
efficiency  through  the  whole  range  of  out-put  of  the  boiler;  the 
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greatest  loss  being  shown  at  the  lower  rates  of  evaporation. 

17.  When  the  boiler  is  evaporating  water  at  the  rate  of  about 
14  pounds  per  square  foot  of  heating  surface,  the  loss  in  coal 
due  to  the  use  of  the  small  grate  is  about  29.4  per  cent. 

18.  With  the  small  grate  the  boiler  could  be  forced  to  an 
evaporation  of  about  14  pounds  per  square  foot  of  heating  sur- 


Of 
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GRATE  WITH  FRONT  PORTION  COVERED  WITH  FIREBRICK 
as  used  on  Atlantic  City  Division.  Six  grate  bars  are  inoperative.  The  grate  area 

is  reduced  46%. 

FIq.  3. 


face,  while  with  the  full  size  grate  in  use  the  evaporation  was 
16  pounds  per  square  foot  of  heating  surface,  or  an  increase  of 
14.3  per  cent.  The  small  grate  then  limits  the  steaming  capacity 
of  the  boiler. 


19.  The  use  of  the  low  volatile  coal,  such  as  was  tried  in  this 
test,  is  not  present  practice  on  passenger  locomotives,  and  the 
tests  show  very  clearly  that  this  small  grate  is  not  at  all  suitable 
for  this  class  of  coal. 

Cinders  and  Sparks: 

20.  The  immediate  effect  of  a  reduction  in  grate  area  with 
low  volatile  coal  is  to  cause  more  cinders  and  sparks  to  be  drawn 
through  the  tubes,  for  the  reason  that,  as  the  area  of  the  grate 
becomes  smaller,  the  draft,  through  what  is  left,  becomes  more 
intense  and  as  a  consequence  the  particles  of  coal  are  carried 
along  with  the  gases  in  increasing  quantities.  These  unburned 
cinders  and  sparks  are  almost  entirely  clean  coke,  and  would,  if 
burned,  release  about  ten  or  eleven  thousand  heat  units  per 
pound.  They  escape  unburned,  however,  and  the  heat  that 
they  contain  is  lost.  The  disadvantage  of  increasing  the  spark 
and  cinder  losses  is  thus  apparent,  because  it  means  a  loss  of 
heat  that  might  be  made  available  for  evaporation. 

21.  An  indication  of  the  extent  of  the  losses  from  the  cinders 
and  sparks  is  given  in  Table  1  where  the  calorific  value  of  the 
coal  is  compared  with  that  of  the  cinders  collected  in  the  smoke- 
box  and  the  sparks  discharged  from  the  stack. 

22.  With  low  volatile  coal  the  cinders  collected  in  the  smoke- 
box  were  at  times  as  much  as  900  pounds  per  hour,  with  the 
full  grate,  and  it  is  evident  that  even  the  full  grate  is  not  large 
enough,  and  only  allows  this  coal  to  be  burned  with  serious 
cinder  and  spark  losses. 

23.  The  weight  of  the  sparks  thrown  out  of  the  stack  was 
not  observed,  as  a  satisfactory  method  for  catching  them  had  not 
yet  been  provided  at  the  time  of  the  tests.  These  sparks  are  large 
in  amount,  however,  and  their  discharge  from  the  stack  is  undesir¬ 
able  as  in  the  course  of  time  they  fill  the  stone  ballast  of  the 
track  and  choke  the  drainage  making  it  necessary  to  frequently 
fork  the  ballast  in  order  to  keep  the  road  bed  in  proper  condition. 

High  Volatile  Coal,  Evaporation: 

24.  Following  those  already  described,  another  series  of 
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U.  P.  8e4A 

«  X  10« 

LOCOMOTIVE: 
TYPE  4-4r-2 

CLASS  . 

NUMBER  .1^266 


T  (  IWT 


Pennsylvania  Railroad  Company 

Ptiiladalphix,  Baltimore  A  Wathingloa  Railroad  Oomgwiy 
Northern  Oentral  Railway  Oompany 
West  Jaraey  &  Seathoro  Railroad  Oompany 

TEST  OCFeARTIVtEIMT 


Average  Results  of  Locomotive  Tests 


Bolletin  So*  8 

Test  no8.,  95Q ...to  953.* 

901, 908, 916* 917 *918. 


SUBJECT :  ...arftte  Area  Beducod, 


I 

2 

14 

16 

16 

17 

18 
19 


20 
2  1 
22 

23 

24 

25 

26 
2T 
28 


40 

41 

42 

43 

44 
46 

46 

47 

48 

49 

60 

61 

68 

59 

66 

67 

70 

71 


DRIVING  WHEELS 
Number  of  Pain _ 


._2 

80 


Approx.  Diameter,  inches _ 

Engine  Truck  Wheels 

Number - - 4  - 

Diameter,  inches _ 38—^ 

Trailing  wheels 

Diameter,  inches _ _ _ 50  - 

Wheel  base,  Feet 

Driving  Wheei  Base  . . 7*42 

Total  Wheel  Base _  30^85 

Gage  of  Wheels  ,ine., - 58*13.  - 

WEIGHT  OF  ENGINE  WITH  WATER 
AT  2D.  GAGE  OOCK  AND  NORMAL 
FIRE,  POUNDS 

On  Truck  - - 3716Z 

*  tst  Driven _ _ _ 53334 — 

*  2d  “  _ 56887  - 

*  3d  “  = - 

“  4th  “ . . — - - 

“  5th  “  _ : _ --== - 

*  Trailers . . .  3700Q 

Total  _ _18-41q7 — 

*  on  Drivers _  llOOOO 

Cylinders 

Diam.  and  Stroke,  H.  P  20,5  X  26 

•  •  *  L.  P  ~ _ 


OLEARANOE  IN  PER  CENT.  OF  PISTON 
DISPLACEMENT 

H.  P.  Right,  Head  End  .  12a7_ 

•  *  Crank  “  _ _  12*X_ 

“  Left,  Head  “  _ 12*4.. 

“  “  Crank  “  11*9_ 

L.  P.  Right,  Head  “  _ 

*■  “  Crank  “  _ .-rr _ 

•  Left,  Head  “  „  ■tr — 

•  *  Crank  “  _ _ 

RECEIVER,  Cubic  Feet 

Volume  Right  Side _ — 

‘  Left  • _ != _ 


STEAM  PORTS,  INCHES 

H.  P.  Admission,  Length _ JL9a8.7  J 

•  -  Width _ _._1,46_ 

L.  P.  “  Length  — 

‘  “  Width  _ —L. 

H.  P.  Exhaust,  Length  _ _ 19a84  . 

“  “  Width 

L,  P.  “  Length  1 - ;!!=!_ 

*  •  Width  _ _ 


T4 

T6 


TS 

80 

82 

83 

84 
66 

86 

88 

90 

94 

98 

102 

113 

114 

115 

116 

116 

119 

124 

126 

126 

128 

132 

133 
137 


144 

146 

146 


ALTOONA,  PA.,....fl-.ia«1907. 


Higfi 

Low 


PISTON  RODS,  Diameter 
Inches 

Pressure _  3,472 


Tail  rods,  Diameter, 

INCHES 

Pressure _ • 


Valves  slide 
Doublo  Portod _Bal,^ _ 


High 
Low 

Type 

Design  Ainor,Bal,  Valvo  Co, 

Per  Cent.  Balanced _  75,7 _ 

Type  of  Valve  MotionStaphansoii _ 

Greatest  valve  Travel 

High  Pressure,  inches _ ZJ3 _ 

Low 


164 

166 

166 

i6T 

*168 

169 


Outside  lap  of  Valve 
High  Pressure,  inches  1,5- 

Low  “  “ _ 

INSIDE  LAP  OF  Valve 
High  Pressure,  inches  J 
Low  *  * 

Boiler 

Type BelpalrQ»vyide  firebox. 
Outside  Diam.  1st  Ring. 

Tubes 

Number _ _ 


Outside  Diam.,  inches 
Pitch 

Length  Between  Tube 
Sheets,  inches 
Total  Fire  Area.  sq.  ft. 

Boiler  Pressure,  pounds _ 

Superheater 

Number  of  Tubes _ 

Outside  Diam.  “  inches _ 

Length  of  “  “  _ 

Firebox,  inside, 

Length _ _ _ _ _ 

Width _ 


.87_ 

.316_-. 

2__- 

2,625 

179,78 _ 

5*26-  — 

._  ..205 _ 


Air  Inlets  to  Ashpan, 
sq.  ft. _ 


GRATES 


INCHES 

114  _ 
68 _ 

.  6*3__ 


Grate  Area,  sq.  ft.— _ 

Area  of  Dead  Grates 


55,5- 


6*0. _ 


leo 

161 

162 

163 

167 

168 
169 

171 

172 

173 

174 


171 

172 

173 


HEA7INa  SURFACE, 

Square  Feet 

Of  the  Tubes,  Water  Slde_  2471*04 _ 

“  •  •  Flre\  *  2162.40 

*  •  Firebox,  “  *  _ 15.6.86._ 

'  “  Superh’r,  *  “ _ 

Total,  Baaed  on  *  * _ -2319,26  *. 

of  Firebox  and 

Water  Side  of  Tubes _ 2627,90 

Boiler  volume 

WITH  WATER  SURFACE  AT  LEVEL 
OF  20  GAGE  COOK 

Water  Space,  cu.  ft.  338,6 

Steam  “  “  “ _ 109*9 _ 


Exhaust  nozzle 

Double  or  Single _ Single 

Size,  inches _ 

Area,  sq.  inches- 


5.625 

24,e5 


Reverse  Lever 

H.  P.  Notches  Forward  of  Center  __  .15_ _ 

L.  P.  Notches  Forward  of  Center _ 

ratios  Full  Srate 
Heafmg  Surface  (158)  to 

Grate  Area  (145)  _  .41,79  .. 

Fire  Area  Thru  Tubes  (119)' 

to  Grate  Area  (145)  . . Q,09. .. 

Firebox  Heating  Surface  (156) 

to  Grate  Area  (145)  2*83 

Tube  Heating  Surface  (155) 

to  Firo  Box  Heating  „ 

Surftice  (156)  13,79 


Ratios.Heducod  Srato. 


Grate  area 


39.5 


58,71 

0.13 

3.97 


29.76 


77.93 

G.18 

5.27 


*U8E0  IN  OALCULATIONS 


DIMENSIONS  OF  E2a  CLASS  LOCOMOTIVE  5266. 
The  locomotive  used  for  the  Reduced  Grate  tests. 
Table  3. 
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K.  P. 


^-dUxifa  Shoet 


Pennsylvania  Railroad  Company  Bniietm  ho.  e 

950  to  953 
FUEL  :  ..Pom ..GM  . . 

...9j01...to...9l7 . 

Scalp  Level 


Philad«lplii«,  B.Hliner«  A  WnMagtoa  RaHrMd  Company 
Norlhorn  Control  Rolloroy  Company 
Woot  dorooy  A  •oadkoro  IMIrood  Company 

XEBT  DEPARTMENT 


LOCOMOTIVE: 

TYPE . . 

CLAS8..U2a . 

number . 5266  Average  Results  of  Locomotive  Tests 

SUBJECT  :..?!“;l.l...G!.Tate,,:...66...5^.a  . .  Altoona,  Pa., . .6-19r.?.7. 


RUNNING  COWPmONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 

TEST 

DESI8NATI0N 

Deration 

of 

Toot, 

Hoars 

Milas 

per 

Hour 

Throttle 

Opening, 

Fall  or 
Partial 

Actual 

Cut^aff 

Per  Cent, 

H.  P. 
Cylindara 

Coal 

Prossart 

In  Bdltr, 
Lbs.  per 

Sq.  Inch 

Draft 

In 

Smoke  Box, 
Inches 
of  Water 

Draft 

In 

Ash  Pan, 
inebaa 
of  Water 

Calorifc 
Value 
of  Dry 

Fuel, 

B.T.U.porLb. 

Cladars 

Collaetod  in 

Smoko  B«x, 

Pounds 
par  Hour 

'AP.B.M.oflTbiottlo 

196 

199 

203 

268  to  271 

217 

222 

226 

248 

288 

950 

80^1 5^F 

3.00 

19,10 

Full 

Penn 

204.5 

2,0 

.1 

14713 

126 

|51 

120-20-F 

3,00 

28.42 

II 

Gas 

201,4 

3.4 

.2 

14864 

49 

952 

160-25-F 

2.60 

38.02 

It 

tt 

201,9 

3,8 

*2 

14664 

48 

953 

160-32-F 

2.00 

38.02 

It 

11 

198.9 

7.3 

.3 

14864 

91 

901 

80-1 5-F 

3.00 

19.10 

ft 

Scalp 

201.3 

2.0 

.2 

15264 

52 

908 

12P-20-F 

3o00 

28.65 

If 

Level 

201,0 

3.9 

.7 

15167 

101 

916 

160-24^ 

2o6Q 

38.20 

tt 

II  1 

200.0 

5.2 

.3 

15264 

302 

917 

160-27-F 

3,00 

38.20 

tt 

It 

188.4 

7.7 

.3 

15167 

492 

918 

160-3Q-F 

38^^ 

If 

II 

186-1 

1-3 

15167 

987 

BOILER  PERFORMANCE 


TEST 

NUMBER 

Dry  Fuat 
FItad 
par  Hour, 
Pounds 

Dry  FusI 
por  hour. 
Poundtpv 

Sq.  Fief 
Srato 

Water 
DtUvorad 
to  Boiler, 
Pounds 
por  Hour 

EQUIVALENT  EVAPORATION 
FROM  AttOAT2t2«  F.,  POUNDS 

Boiler 

Horse 

Powor 

(SAHU-ofE.) 

Efficiency 
of  Bollor, 
Based 
oa  . 

Fuat 

Draft  1 

in 

Fire¬ 

box, 

Prassnm 

in 

Branch  Pipe, 
Pounds 
parSq.  In- 

SuporlMat 

In 

Branch 

Pipe 

Dsgroas  F. 

Pdr 

Hour 

Per  Hour 
per  Sq.  FL 
of  FIra 
hoatlag  Sur. 

Par 

Pound 

Dry*tuel- 

338 

339 

340 

344 

349 

347 

349 

360 

2SQ 

230 

950 

1808 

32,58 

14647 

17798 

7,67 

9.84 

515.9 

64,59 

0.5 

951 

2685 

.  46.58 

20652 

2.5235 

10.08 

9,76 

731,4 

63.42 

0,6 

952 

3768 

67,89 

27598 

33764 

14.56 

G.96 

978,7 

58.22 

1.2 

953 

5480 

98.74 

35144 

43030 

1§.56 

7.85 

L247.3 

51.01 

2.1 

901 

1665 

30,00 

14673 

17806 

7.68 

10.69 

516,0 

67,65 

0.6 

19P.3 

908 

2455 

44.24 

20135 

“24434 

10.54 

9.95 

708,2 

63,36 

1.7 

197.7 

916 

4221 

76,05 

26436 

32246 

13.90 

7.64 

934,7 

48.34 

1.5 

195,0 

917 

4602 

86,55 

28670 

34793 

15.00 

7.25 

L008,5 

46.17 

2.1 

165.6 

918 

100.58 

30721 

37170 

1077-4 

3-0 

[EN6IIIE  PERFORMANCE 


ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 


950 

951 

952 

953 

901 

908 

916 

517 

ne 


Pry  Stoam 
to 

EnginM, 

Poandi 

par  Hour 


214 


ladlciM 

Horn 

Powor 


Dry  Fuel 
por 

Indicated 

Nona 

Power  Hoar, 


379 


380 


14172 
20446 
27326 
34800 

14077 
19548 
25529 
27958 

30057  11133.4 


419,8 

687,6 

j-011,6 

tlOwdoO 

\i- 


3,97 

3,57 

4,17 

4,55 


Dry  Stoam 
por 

Indicatod 

HorM 

Powor  Hoar, 
-  Tounda 


381 


33,54 

28.81 

25.23' 

26.50 

26.46 


C  0 
Smo  Ice¬ 
box 
gases 


Drawbar 

Pull, 

Poundi 


868 


0 

0 

.27 

.67 

0 

0 

0,06 

0.60 

OmfiQ 


7059 

7579 

8766 

11790 

27 

7280 

6155 

8757 

■^9573^ 


Dynamomotar 

or 

Drawbar 

Horao 

Power 


383 


359.6 

574.3 
868.9^: 

1195,3 

327.3 
556,2 

830.7 

692,1 
523  jQ_ 


Dry  Fool 
por 

Dynamom, 

Horao 

Powor  Hour, 
>*«»*«<» 


384 


5,03 

4.50 

4.24 

4,58 

5.09 

4,42 

6.08 

5,36 

^.22- 


Dry  Steam 
por 

Dynafflom. 

Horao 

Powor  Hour, 
Pounds 


388 


39.42 

35,68 

30.74 

29.11 

43.02 

35.16 

30,73 

31.34 

SOofinT 


Machine 

Efficiency 

of 

Locomotivo, 
Por  Cent 


398 


Thermal 

Effidoncy 

of 

LoeomotlYO, 
por  Coni, 
CiatodonFuol) 


399 


3.44 

3.80 

4.04 

3,74 

3.28 
5,79 

3.28 
3,10 


Smoke 

in 

Peiroent 


72 

88 

46 

62 

Vo 

Record 


TESTS  WITH  THE  WHOLE  GRATE  IN  USE. 

Two  coals  were  used,  Penn  Gas  and  Scalp  Level.  The  first  a  high,  and  the  second  a  low  volatile  coal. 

Table  4. 


F 


11 


■  i  0  l«Vf 

’  Pennsylvania  Railroad  Company 

1  .  Phil«d«lphia,  Baltimors  A  Wathington  Railroad  Oompany  *  a  .  »  » 

LOCOMOTIVE.  North.™  Oaotral  Railway  Oompan,  Bulletin  UO,  8 

7VPF  Weat  Jorsoy  A  Seaahora  Railroad  Company  FUEL;  POXUl  GSIS 

niA««E2a  TMT  DEPARXIVIKIMT  . COjal . 

NUMBER M86  Average  Results  of  Locomotive  Tests 

SUBJECT: . Gxate  lJfQa  Bednbad..ta.39»5  .8^^  . .  .  Altoona,  Pa.,  ..  8-10-07 

TEST 

NUMBER 

RUNNiN 

G  CONDITIONS  D  BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hours 

Mliet 

por 

Hour 

Thrattto 
Opening, 
Full  or 
Partial 

Actual 

Cut-off 

Por  Coot., 

H.  P. 
Cylindtrs 

Coal 

Pressure 

In  Boiler, 
Lbi.  per 

Sq.  Inch 

Draft 

in 

Smoke  Box, 
Inches 
of  Watar 

Draft 

in 

Ash  Pan, 
Inch.! 
of  Water 

Caloridc 

Value 
of  Dry 

Fuel, 

B.T.U.perLb. 

Cinders 
Collected  in 
Smoke  Box, 
Pounds 
por  Hour 

I.P.M.Cihaffnratfla 

196 

199 

203 

28Sttl71 

217 

222 

226 

248 

236 

90S 

925 

928 

926 

80-15-P 

5.20-20-F 

160-25-F 

160-32-F 

3.00 

3,00 

2,50 

2,00 

19.01 

26,42 

37,78 

37,78 

Full 

It 

H 

M 

Penn 

Oaa 

200,7 

204,9 

203.1 

201,5 

2,2 

3.5 
4.7 

7.5 

.1 

.3 

.3 

.3 

14411 

14411 

14411 

14411 

26 

31 

81 

120 

,  TEST 
NUMBER 

BG 

IILER  PERFORMANCE 

ENGINE  PER 

FORMANCE 

Dry  Tool 
Fired 
per  Hour, 
Pounds 

Dry  Feet 
per  Hour, 
^unds  per 
$g.  Ft.  of 
Grata 

Water 
Dellv.red 
to  Bollor, 
Pounds 
par  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212°  F.,  POUNDS 

Boiler 

Horst 

Power 

(34bU.nfE.) 

Effidoncy 
of  Bollor, 
Based 
on 

Fuel 

tjaft 

Fire¬ 

box. 

Pressure 

In 

Branch  Pipe, 
Pounds 
por  Sq.  In. 

Superheat 

In 

Branch 

Pipe, 

Degrees  F. 

Per 

Hour 

Por  Hour 
per  Ft. 

of  nie 
Heating  Sur. 

Per 

Po^Ml 

ef 

Dry 

338 

339  • 

340 

344 

346 

347 

349 

360 

220 

230 

905 

925 

926 

928 

1802 
25.  36 
3952 
5389 

46.62 

64.20 

100,05 

136.43 

15003 

20097 

26550 

34350 

16483 

24395 

32265 

41802 

7,97 

10,52 

13,92 

18,02 

' 

10.26 

3.62 

3.17 

7.76 

635.7 
707.1 

935.8 
1311.7 

68.76 

64.47 

54,75 

52,01 

0.5 

1.3 

1.5 

2.7 

r  --  ■ 

TEST 

NUMBER 

ENGINE  PERFO 

RMANCE 

u 

DCOMC 

ITI' 

PERF 

DRMANCE 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

C  0 

hox 

gases. 

Drawbar 

Pull, 

Pounds 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
por 

Dynamom, 

Horsa 

PowerHour, 

Pounds 

Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermal 

Efficiency 

ot 

Locomotive, 
per  Cent., 
(Based  onFuel 

SDOke 

in 

Feroeni 

) 

214 

379 

380 

381 

1  266 

383 

384 

386 

398 

399 

90S 

925 

926 

928 

0 

0,07 

0 

0,4 

1  7454 

8072 

9561 

11960 

377,8 

613,7 

963,3 

1207.0 

4.77 

4.13 

4,10 

4,46 

39.48 

32.40 

27.18 

28,15 

3.70 

4,28 

4,31 

3.96 

18 

24 

36 

52 

TESTS  WITH  THE  GRATE  REDUCED 
as  in  Fig.  2,  and  using  a  high  volatile  coal. 

Table  5. 
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H.  P.  894  A— Sixth  Shoct 


D  X  lU}i 


Pennsylvania  Railroad  Company 


11-4>10 


LOCOMOTIVE : 

TYPE . ,4r-4r?5;.. 

CLASS . . 

NUMBER.  5;266.. 


Pbilxdciphia,  BaHtmor*  A  Wnhiagtoa  Railraad  Company 
Northara  Caatral  Rallniay  Coippany 
Want  4araay  4  Saaahora  Railroad  Cpmpaoy 


TEST  DEPARTMENT 


Bulletin  Ho,  6 

948  to  948 
FUEL:P.Qnn..Qaa . 

....54Q....tja...34.4.. 
Scalp  Level 


Average  Results  of  Locomotive  Tests 
SUBJECT  : . Gx.ftt.o,  .liJc:.Qi^...Raiiuaecl  to...2.9.o.76  .a.q«..  .ft» . .  Altoona,  Pa., . a-.10-.Q7 . 

RUNNING  CONDITIONS 


TEST 

NUMBER 


TEST 

DESIGNATION 


Duration 

of 

Taut, 

Hours 


Miles 

ptr 

Hour 


Throws 
Opening, 
Full  or 
Partial 


Actual 
Cut-aff 
Per  Cent, 
H.  P. 
Cyllndart 


Coal 


BOILER  PERFORMANCE 


Prassura 
In  Bailer, 
Lbs.  per 
8().  Inch 


Draft 

la 

SiDolte  Bax, 
Inchts 
afWatar 


Draft 

In 

Ash  Pan, 
lachas 
afWatar 


Ctiorife 
Valua 
of  Dry 
Fatl, 

B.T.U.parU. 


Clndars 
Callactad  In 
Smoka  Bax, 
Paunds 
par  Haur 


I.P.R.eat-aff'nwIlls 


lee 


109 


203 


268  to  271 


217 


222 


22S 


248 


2«a 


n§tfeos 

Pull 


946 
948 
945 

947 


80-30-P 

120-20-F 

160*26-P 

160-32-P 


3.00 

3.00 

2.50 

2.00 


19.10 

28.65 

38.20 

38.20 


II 

M 


27.5 

18,4 

23.8 

32.9 


Penn 

Gas 


940 

941 


80-15-P 


12C-20-F 


943 

942 

944 


80-30~F 

160~25-P 

160-.25-P 


3.00 

3.00 

2.50 

1.33 

1.67 


19.10 

28.65 

19.10 

38.20 

38.20 


ft 

M 

11 

ft 


14,5 

18.2 

29.9 

24,3 


Scalp 

Level 

It 

II 


195,1 

202.3 

200.4 
182.e 


1.5 

3.5 

5.6 


7,2 


.0 
.2 
•  2 
.2 


14713 

14713 

14713 

14713 


30 

42 

93 

128 


199.1 
196,£ 
202,7 

195.1 


2,3 


.1 

.1 

.1 

,2 

.1 


BOILER  PERFORMANCE 


15077 
15077 
15077 
15077 
15077 
ElieiNC  PERI 


104 

324 

327 

808 

775 


FORMANCE 


TEST 

OwFrt 

Dry  Fuel 
par  Hour. 
Pouads  per 

Sq.  FL  ef 
Grata 

Watar 
Dallvared 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212o  F.,  POUNDS 

Bailer 

Horse 

Power 

(34HU.ofE.t 

Efficiency 
of  Boiler, 
Based 
an 

Fuel 

Lraft 

Fire¬ 

box. 

Prassura 

In 

Branch  Pipe, 
Peuads 
par  Sq.  In- 

Superheat 

In 

Branch 

Pipe 

Dagraat  F. 

NUMBER 

FIrad 
ptr  Haur, 
Peoads 

Per 

Hour 

Per  Hour 
per  Sq.  Ft. 

of  FIra 
Heating  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

34S 

347 

349 

360 

220 

230 

946 

1246 

41.87 

11677 

14178 

6,11 

11.38 

411.0 

74, 7C 

0,6 

96,3 

948 

2345 

78,80 

20209 

24612 

10.70 

10,58 

719.2 

69.45 

^1,3 

199.3 

945 

3772 

126.75 

26403 

32620 

14,15 

8,70 

951,3 

57.11 

^,7 

195,6 

947 

5014 

160.48 

33067 

40426 

17.43 

C.06 

1171,7 

52.91 

5,0 

179,5 

940 

2195 

73,76 

14527 

17652 

7.61 

8,04 

511.7 

51.50 

0,9 

196.2 

941 

3366 

113,10 

19613 

23936 

10,32 

7.11 

693,7 

45.54 

'  1.3 

193.8 

943 

4406 

148,05 

22050 

26932 

11,61 

6,11 

780.6 

39,14 

1.4 

199,0 

942 

944 

207,56 

153.31 

118^2 

32646 

31858 

14.16 

5.32 

952.1 

Q02  4 

34.08 

sJ^ 

1,8 

191.8 

i  IFtA.q 

ENGINE  PERFORMANCE 

LOCOMOTIVE  PERFORMANCE 

TEST 

NUMBER 

Dry  Steam 
te 

Englnn, 

Pounds 
per  Hour 

ladlcaied 

Horse 

Power 

Dry  Fuel 
P<f 

Indicated 

Horse 

Power  Hour, 
Foindt 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

C  0 

3inoko- 

box 

gases. 

Drawbar 

Pull, 

Pounds 

Dyaanrameter 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
F«f 

Dyaamam, 

Horse 

Power  Hour, 
Pouads 

Dry  Steam 
par 

Dynamom. 

Hersa 

Power  Heart 
Peands 

Machine 

Efficiency 

of 

Laeometlva, 
Par  Cant 

Tharmal 

Effidaacy 

of 

Lacomatlva, 
par  Coat, 
(laatdoaFuall 

Smoke 

in 

Percent 

214 

379 

380 

381 

2«B 

383 

384 

386 

398 

399 

946 

948 

946 

947 

11234 

19664 

26388 

32408 

307,3 

7i?6.4 

1031,8 

1232,4 

4.05 

5,32 

3,66 

4,07 

36.57 
27*87 

25.58 
26,30 

0 

0 

0.3 

0.7 

5084 

7336 

8360 

9831 

259,0 

560.5 

851.6 
1001,5 

4.81 

4.16 

4,43 

5,10 

43.39 

35.13 

30,99 

32,97 

84.28 

79.35 

82,54 

61.26 

3.60 

4,14 

3,90 

3.39 

2 

22 

Ho 

record 

38 

940 

941 
943 

HI 

13616 

18996 

20689 

417,6 

685.9 

720,0 

5,26 

4,91 

6.12 

6.06 

5^90 

33,10 

27.99 

29,30 

25.96 

26.51 

0 

0 

0,47 

6712 

7092 

12321 

iHL 

341.9 

541.9 
627,6 

iS± 

6,42 

6p21 

7,02 

ML 

40.43 

35,42 

33.61 

Jkll 

81,67 

79.01 

67,17 

Liiii 

2,63 

2.72 

2.40 

Ho 

Beoord 

i 


TESTS  WITH  THE  GRATE  REDUCED 
as  in  Fig  3,  and  using  both  a  high  and  low  volatile  coal. 

Table  6. 


347 

EQUIVALENT  EVAPORATION  PER  POUND  OF  DRY  COAL. 

CO-ORDINATE  PAPER.  J  B.  Webb.  Hot-oken,  N  J. 
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EVAPORATION  PER  POUND  OF  COAL. 

The  upper  line  is  for  the  full  grate  and  the  lower  line,  showing  much  less  water  per  pound  of  coal,  is 
for  the  grate  blocked  off  to  the  smallest  area.  The  coal  used  was  Scalp  Level, 

a  low  volatile  light  friable  coal. 

Fig.  4-. 


CO-ORDINAl'E  PAPER.  J  B  WEBB,  Hoboken,  N.  J.  . negaTIVF, 


14 


EFFICIENCY  OF  BOILER. 

The  large  grate  as  shown  by  the  upper  line  gives  the  best  results.  The  coal  has  beerl  plotted  in  total 
pounds  per  hour  instead  of  per  square  foot  of  grate,  because  there  were 
two  sizes  of  grate.  The  coal  used  was  Scalp  Level. 

Fig.  6. 


CO-ORDINATE  PAPER.  J  B.  WtBB,  Hoboken,  N.  J. 
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tests  was  run  on  three  sizes  of  grates  to  show  the  effect  of 
changes  in  the  grate  area  when  using  Penn  Gas  coal,  which  is 


Table  1. 


Test 

No. 

Calorific  V 

Of  Dry 
Coal 

ALTJE,  B.  T.  U. 

Cinders 

Per  Pound 

Sparks 

Kind  of  Coal 

Grate 
Area 
Sq.  Ft. 

901 

15264 

11713 

10868 

Scalp  Level . 

55.5 

908 

15167 

10606 

8484 

a 

« 

916 

15264 

9287 

9042 

u 

u 

917 

15167 

9701 

11617 

{( 

u 

918 

15167 

11497 

10899 

u 

u 

950 

14713 

10808 

19028 

Penn  Gas . 

55.5 

951 

14864 

10659 

9540 

a 

U 

952 

14864 

11430 

11017 

a 

. 

u 

953 

14864 

11312 

10370 

a 

u 

905 

14411 

11109 

11109 

Penn  Gas . 

39.5 

925 

14411 

9008 

9298 

u 

u 

926 

14411 

10691 

10572 

u 

u 

928 

14411 

9971 

10452 

u 

u 

940 

15077 

10227 

10227 

Scalp  Level..-.. . . 

29.76 

941 

15077 

10868 

11997 

u 

u 

943 

15077 

11291 

12216 

a 

u 

942 

15077 

11351 

11977 

u 

u 

944 

15077 

10660 

11677 

« 

u 

946 

14713 

8623 

10300 

Penn  Gas . 

29.76 

948 

14713 

10061 

11672 

a 

•  ...... 

u 

945 

14713 

11198 

11618 

« 

- 

u 

947 

14713 

10898 

11018 

(( 

u 

high  in  volatile  combustible  and  is  representative  of  the  kind  of 
coal  used  on  passenger  locomotives.  The  grate  areas  chosen  were 
those  referred  to  in  the  first  portion  of  this  report,  namely:  full, 
39.5  and  29.76  square  feet.  With  this  coal,  the  results  obtained 
are  very  different  from  those  with  the  low  volatile  coal.  Figs.  7, 
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8  and  9  and  Tables  4,  5  and  6  show  the  results  with  the  high 
volatile  coal.  Unless  the  boiler  is  forced  to  high  rates  of  evapora¬ 
tion,  the  evaporation  per  pound  of  coal  and  the  efficiency  of  the 
boiler  are  not  much  influenced  by  the  reduction  in  the  grate. 

25.  It  is  noticeable,  however,  that  the  full  size  grate  gives 
an  equivalent  evaporation  of  18.56  pound  per  square  foot  of 
heating  surface,  as  a  maximum,  while  with  each  reduction  in 
grate  the  evaporation  is  decreased.  It  is  18.02  with  the  medium 
grate  and  17.43  with  the  small  grate.  The  full  grate  is  none  too 
large  for  high  volatile  coal,  and  a  reduction  in  it  limits  the  output 
of  the  boiler. 

Cinders: 

26.  In  Fig.  9  the  cinders  caught  in  the  smokebox  are  shown 
with  the  dry  coal  fired  per  hour.  At  all  rates  of  firing  the  cinders 
are  increased  with  the  blocking  off  of  the  grate,  showing  again 
that  the  full  size  grate  is  none  too  large. 

Smoke: 

27.  The  smoke  was  observed  during  the  trial  with  the  high 
volatile  coal  with  the  results  shown  in  Table  2. 


Table  2. 

Average  Smoke  (Ringelmann  Scale)  Penn  Gas '-Coal. 


Test 

No. 

Miles 

PER 

Hour 

Cut-Off 

Throt¬ 

tle 

Average 

Smoke 

IN 

Per  Cent 

Analyi 

Oxygen 

MS  OF 

3X  Gas 

CO 

Smoke- 

ES 

C02 

Size 

OF 

Grate 

950 

19 

15 

Full 

12 

9.60 

0 

9.30 

55.5sq.ft. 

905 

19 

15 

U 

18 

9.9 

0 

8.9 

39.5  “ 

951 

28 

20 

(( 

38 

7.73 

0 

10.33 

55.5  “ 

925 

28 

20 

a 

24 

7.9 

.07 

10.3 

39.5  “ 

948 

28 

20 

u 

22 

7.33 

0 

11.0 

29 . 76  “ 

952 

38 

25 

u 

46 

7.07 

.27 

10.80 

55.5  “ 

926 

38 

25 

u 

36 

6.4 

0 

10.7 

39.5 

953 

38 

32 

u 

52 

5.73 

.67 

11.13 

55.5  « 

928 

38 

32 

u 

52 

4.4 

.4 

11.18 

39.5  “ 

947 

38 

32 

it 

38 

4.9 

.70 

11.9 

29 . 76  " 
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CINDERS  COLLECTED  IN  SMOKEBOX. 

With  this  coal.  Scalp  Level,  there  is  little  difference  between  the  two  sizes  of  grate,  in  the  quantity 

of  cinders  collected. 

Fig.  6. 
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EVAPORATION  PER  POUND  OF  COAL,  PENN  QAS  COAL. 

With  this  coal  the  effect  of  the  differeijce  between  the  grates  does  not  appear,  except  that  the 
maximum  evaporation  is  reduced  with  each  reduction  in  grate  area. 

Fla.  7. 
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EFFICIENCY  OF  BOILER,  PENN  GAS  COAL. 
Three  areas  of  grate. 

Fig.  8. 


CO-ORDINATE  PAPER.  J  B.  Webb,  Hoboken,  N.  J.  . negative. 


CO-ORDINATE  PAPER.  J  B.  WEBB.  Hoboken.  N.  J.  . NEGATtVE. 
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CINDERS  COLLECTED  IN  SMOKEBOX,  PENN  GAS  COAL. 

The  effect  of  a  reduction  in  grate  surface  is  very  clear  on  this  diagram,  and  the  large  amount  of 
cinders  with  the  smaller  grate  indicates  where  the  losses  occur  that  limit  the 
boiler  capacity  with  the  small  grate. 

Fig.  9. 
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28.  In  general  with  this  high  volatile  coal  the  smoke  shown 
is  less  with  the  smaller  grate  than  with  the  whole  grate  in  use. 
The  decrease  in  smoke  is  considerable  with  the  smallest  grate. 
There  is  a  decrease  of  27%  in  one  case  and  42%  in  the  other. 

29.  The  combustion  on  the  small  grate  would  appear  from 
this  to  be  better  than  the  relatively  slower  combustion  on  the 
large  grate,  and  this  may  be  due  to  the  combustion  chamber  that 
is  formed  at  the  front  end  of  the  grate  over  the  blocked  off 
portion. 

30.  The  figures  from  the  analysis  of  smokebox  gases  are 
too  inconsistent  to  be  used  as  the  basis  for  any  deductions  in 
regard  to  combustion  on  the  different  grates. 

31.  After  the  tests  on  the  E2a  locomotive  with  the  front  end 
of  the  grate  blocked  off,  a  series  of  tests  was  made  with  a 
locomotive  of  the  H6b  class  having  the  grate  made  solid  around 
the  edges. 

32.  As  these  tests  are  similar  to  the  foregoing,  in  that  part 
of  the  grate  surface  was  blanked  or  blocked  off,  they  will  be 
described  in  what  follows: 


I 

o 

In 
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GENERAL  ARRANGEMENT  OF  H6b  CLASS  LOCOMOTIVE. 
Used  in  Solid  End  Grate  tests. 

Flp.  10. 


GRATE  WITH  SOLID  ENDS. 


The  second  form  of  grate  modification  and  results  from  its  use. 


INTRODUCTION. 

33.  For  a  long  time  past  the  Pennsylvania  Railroad  Com¬ 
pany’s  locomotives  have  had  grates  with  side  bearing  bars  that 
fit  close  to  the  firebox  sheets  so  that  no  air  can  enter  the  firebox 
between  these  bearers  and  the  sheets.  The  sheets  are  thus 
protected,  for  a  space  of  about  2  inches,  from  direct  contact  with 
cold  air  entering  the  furnace, 

34.  It  has  been  proposed,  in  endeavoring  to  prevent  smoke, 
that  this  protecting  strip  be  widened  and  the  air  entering  through  > 
the  grate  be  compelled  to  come  up  at  a  greater  distance  from 
the  firebox  sheets,  and  tests  of  such  an  arrangement  have  been 
made.  It  was  expected  that  this  blocking  of  the  grate  would 
result  in  better  combustion  and  evaporation  and  a  reduction  in  the 
amount  of  smoke  on  account  of  the  higher  furnace  temperature 
that  would  be  possible.  The  results  were  not  as  anticipated,  and 
no  advantage  was  found  in  the  use  of  the  solid  end  grates. 
There  was  an  increase  in  the  smoke  and  no  saving  in  coal 
from  their  use. 


Description  oe  Grate. 

35.  In  order  to  test  the  effect  of  such  a  modification  of  the 
grate,  a  set  of  grates  as  shown  in  Figs.  11  and  12  were  prepared 
for  the  H6b  class  locomotive.  The  photograph  shows  one  section 
each  of  the  front  drop  grate,  half  grate,  filling  piece  and  one 
section  of  the  rocking  or  finger  grate  bar.  The  pieces  shown, 
make  up  the  forward  end  of  the  grate  on  one  side  of  the 
firebox. 

36.  On  the  outside  end,  or  the  end  of  each  grate  bar  nearest 
to  the  sheets,  the  openings  through  the  grate  have  been  closed  up 
or  the  ends  made  solid.  This  solid  part  is  about  6  inches  wide, 
making  a  section  of  solid  grate  about  9  inches  wide,  if  we  include 

(2.3) 
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the  grate  bearing  bar,  all  the  way  around  the  firebox.  The 
firebox  sheets  were  thus  protected  more  perfectly  than  is  usual, 
and  better  combustion  and  less  smoke  was  expected  from  this 
arrangement. 

37.  The  total  grate  area,  measured  up  to  the  firebox  sheets 
is  48.66  square  feet  and  the  air  openings  through  the  grate  with 
solid  ends  are  a  total  of  15.41  square  feet  or  31.7  per  cent  of  the 
grate  area.  The  grate  without  the  solid  ends,  or  the  standard 
grate  for  this  locomotive,  has  air  openings  of  17.6  square  feet  or 
36.4  per  cent  of  the  total  grate  surface. 

The:  Tests. 

38.  Five  tests  of  this  grate  were  made  and  they  were 
chosen  so  that  they  cover  a  wide  range  in  evaporation.  All 
of  the  tests  were  made  with  an  H6b  class  locomotive,  see 
Fig.  10.  There  were  two  speeds  and  cut-offs.  For  com¬ 
parison  with  them,  five  other  tests  with  this  locomotive  at 
similar  speeds  and  cut-offs  with  the  usual  or  standard  grate 
have  been  selected. 

39.  In  all  of  the  tests  Jamison  run-of-mine  coal  was  used. 
The  analysis  of  this  coal  is  as  follows : 


Fixed  Carbon .  55.57 

Volatile  Combustible .  31.59 

Ash . 11.95 

Moisture .  0.89 

100.00 

Sulphur . 2.21 

B.  t.  u.  per  pound  of  dry  coal . 13540 


The  firing  and  handling  of  the  locomotive  were  the  same  in 
all  of  the  tests. 

40.  The  results  of  the  tests  are  shown  on  Table  9  and 
diagrams  Figs.  13  to  16. 

41.  Table  7  showing  observations  of  the  smoke,  would 
indicate  that  there  is  a  trifle  more  smoke  with  the  solid  end 
grate  than  with  the  standard  grate. 


25 


* 

'j) 


GRATE  WITH  SOLID  ENDS. 

As  applied  to  H6b  Class  Locomotive 

Fla.  11. 
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Table  7. 


TEst  Number 

Test  Designation 

Average  Smoke 
Number 

Throt- 

Stand- 

Solid 

Standard  Grate 

Solid  End  Grate 

M.  P.  H. 

Cut-Off 

TLE 

ARD 

Grate 

End 

Grate 

1200.400 

1200.405 

12.86 

20% 

Full 

12 

.4 

1200 . 399 

1200.406 

12.86 

30% 

U 

12 

14 

1200.401 

1200.407 

12.86 

40% 

u 

12 

16 

1200.404 

1200.408 

19. ’3 

40% 

u 

22 

26 

1200.410 

1200.409 

19.3 

45% 

u 

32 

30 

This  is  further  illustrated  on  the  diagrams  Figs.  13  and  14 
which  show  the  average  smoke  with  coal  fired  and  the  average 
smoke  with  water  evaporated. 

42.  On  the  diagram  of  evaporation  per  pound  of  coal  and 
evaporation  per  square  foot  of  heating  surface  (Fig.  15),  no 
difference  can  be  found  between  the  two  grates.  The  boiler 
capacity  is  apparently  not  limited  to  any  great  extent,  by  the  use 
of  this  solid  end  grate. 

Conclusions  (Grate  Area  Reduced). 

43.  It  has  been  demonstrated  that  with  a  light  friable  coal 
which  easily  forms  cinders  and  sparks  in  large  quantities,  the 
blocking  off  of  the  grate  has  a  very  bad  effect  and  there  can  be  no 
justification  for  making  the  large  grate  smaller.  If  the  low 
volatile  coal  is  to  be  used  in  locomotives  which  are  operated  at 
rates  close  to  their  capacity,  there  should  be  provided  a  larger 
grate  area  than  is  now  customary. 

44.  With  the  gas  coal  the  conclusions  are  not  so  decidedly  in 
favor  of  the  full  grate,  for  with  this  coal  there  is  a  little  less 
smoke  with  the  smaller  grates,  but  at  the  same  time  there  is  a 
reduction  in  the  capacity  of  the  boiler  to  generate  steam  which  is 
a  much  more  serious  limitation  to  the  usefulness  of  the  locomotive 
than  is  compensated  for  by  the  slight  reduction  in  smoke.  We 
must  conclude,  therefore,  that  the  methods  of  blocking  off  the 


GRATE  BARS  WITH  SOLID  ENDS. 

Each  of  the  different  shapes,  which  make  up  the  whole  grate,  are  shown.  There  are  four  of  the 
drop  grate  sections  and  18  of  the  finger  grates. 

Fig  12. 
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grate,  that  were  investigated,  result  in  limiting  the  power  of  the 
locomotive,  and  the  slight  advantages  shown  in  ease  of  firing  and 
reduction  of  smoke  would  better  be  secured  in  some  other  manner 
by  which  the  locomotive’s  power  would  be  increased,  rather  than 
diminished. 

Recommendations  (Grate  Area  Reduced). 

45.  These  tests  disclose  the  fact  that  any  limitation  of  the 
active  portion  of  the  grate  reduces  the  maximum  capacity  of  the 
locomotive  and  the  practice  of  reducing  the  grate  should  not  be 
permitted  with  either  high  or  low  volatile  coal. 

Conclusions  (Grates  With  Solid  Ends). 

46.  From  these  tests  it  appears  that  there  is  no  advantage 
shown  by  the  solid  grate.  The  evaporation  per  pound  of  coal 
is  not  improved,  and  there  is  more  smoke  than  with  the  standard 
grate.  (Paragraphs  41  and  42.) 

Recommendations  (Grates  With  Solid  Ends). 

47.  There  is  little  promise  of  important  developments  in 
smoke  prevention  from  such  devices  as  this  solid  end  grate,  and 
our  recommendations  are,  that  further  efforts  in  the  improvement 
of  combustion  be  directed  along  other  lines. 

C.  D.  YOUNG, 

Engineer  of  Tes'cs. 


x\PPROVED  : 

J.  T.  WALLIS, 

General  Supt.  Motive  Pozver. 

Test  Department. 

Altoona,  Penna., 

August  31,  1912. 
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M.  P.  894A 
Ht  loK 


LOCOMOTIVE: 
TYPE  2-8-0 
CLASS  . 

NUMBER  2860. 


t  e  1007 


SUBJECT:  Standard  and  Splid  I 

driving  Wheels 

1 

Number  of  Pairs 

4 ... 

2 

Approx.  Diameter,  inches 

_  56 

Engine  truck  Wheels 

14 

Number 

16 

Diameter,  inches 

3Q  _ 

Trailing  wheels 

ie 

Diameter,  inches _ 

^  _ 

Wheel  Base, 

FEET 

IT 

Driving  Wheel  Base  .  . 

16*25 

18 

Total  Wheel  Base _ 

24*84 

19 

Gage  of  Wheels 

4*76 

weight  of  engine  with  water 

AT  20.  gage  OOCK  and  NORMAL 

FIRE.  POUNDS 

20 

On  T  ruck 

21667 

2  1 

*  1st  Drivers 

45667 

22 

'  2d  * 

42583 

23 

“  « 

47500 

24 

•  4th  •  _ 

40850 

25 

“  5th  • 

....  _  •  ... 

28 

“  Trailers  _ 

- - 

27 

Total  _  -  ..  . 

198267^ 

28 

**  on  Drivers _ 

176600 

Cylinders 

Diam.  and  Stroke,  H  P 

22  X  28 

«  «  «  ^  p 

CLEARANCE  IN  PER  CENT.  OF  PISTON 

DISPLACEMENT 

40 

H.  P.  Right,  Head  End 

12*5 

4  1 

-  “  Crank  “ 

10*7_ 

42 

“  Left,  Head  “  _ 

12,2 

43 

•  •  Crank  “ 

10,6 

44 

L.  P.  Right,  Head  ' 

••  _ 

46 

•  “  Crank  “ 

....  .  r _ 

46 

'  Left,  Head  “ 

47 

•  '  Crank  “  . 

.  _ .r _ 

RECEIVER,  Cubic  Feet 

48 

Volume  Right  Side 

49 

‘  Left  “  - 

•M 

STEAM  PORTS, 

INCHES 

SO 

H.  P.  Admission,  Length 

_ 30  _ 

6  1 

•  •  Width 

2_ 

56 

L.  P.  ■  Length 

59 

•  “  Width 

66 

H.  P.  Exhaust,  Length 

Eo  port— 

67 

•  -  Width 

.  .  _ 

70 

L,  P.  *  Length 

7  1 

“  •  Width  .. 

M 

Pennsylvania  Railroad  Company 

Philadalphia.  Baltimore  . A  Waahington  Railroad  Oompany 
Northern  Central  Railway  Company 
Weet  Jersey  A  Seashore  Railroad  Company 

TEST  Dei=»ARXIV1CISIT 

Average  Results  of  Locomotive  Tests 

Grates  Altoona,  PA.,4r20r:1912 


Bulletin  Ko*  8 

test  Nosr,  1200*399  to 
1200,410 


74 

76 


78 

80 

82 

83 

64 

85 

86 
88 

90 

94 

98 

102 

113 

114 

116 

116 

118 

119 

124 

125 

126 
128 

132 

133 
137 


144 

146 

146 


PISTON  Rods,  Diameter 
Inches 

High  Pressure  __  .  _ 4 

Low  “  _ _ _  .  !!? _ 

Tail  Rods,  Diameter, 

INCHES 

High  Pressure _ _ 

Low  “  _ _ _ _ 

Valves 

Type  jf-lfltoa _  _ 

DR5ignAmr,Bal,Yalve  _Coa _ 

Per  Cent.  Balanced  .  100 

Type  of  Valve  MotionV/alschaextfl- 
GREATEST  Valve  Travel 

High  Pressure,  inches _ 6#25 _ 

Low  *  “  -  _ 

Steam  lap  of  valve 

High  Pressure,  inches  ,91 _ 

Low  “  “  . . ..r _ 

ExhfiuskLAF  OF  Valve 
High  Pressure,  in 
Low  “  “  _ 

boiler 


Outside  Oiam.  1st  Ring 
Tubes 

Number _ 


Firehox- 

71,16 


373 

2 


Outside  Diam.,  inches 
Pitch  “  2*6875l,... 

Length  Between  Tube 

Sheets,  inches  .  164,28  _ 
Total  Fire  Area,  sq.  ft.  6,23  .. 
Boiler  Pressure,  pounds  205,_ 
Superheater 

Number  of  Tubes _ — 

Outside  Diam.  “  inches _  — _ 

Length  of 


Firebox,  inside,  inches 
Length  116,32 

Width _  65,04 _ 

Air  Inlets  to  Ashpan, 

sq.  ft. _  7,56 

GRATES 

Type  ._jloalcing  finger - 

Grate  Area,  sq.  ft. _ 48jr66 _ 

Area  of  Dead  Grates  0 
Air  inlets  throuf^  gratoe 
Sq,  ft,  15,41 


164 

155 

168 

157 

•168 

159 


160 

161 

162 

163 

167 

168 
169 

171 

172 

173 

174 


HEATING  Surface, 
Square  feet 


Of  the  Tubes,  Water  Side 

“  “  “  Fire  " 

“  “  Firebox,  ’  “  _ 

“  “  Superh'r,  ‘  •“ 

Total,  Based  on  “  “ 


2673,68 

2339,23 

.166,06 

2505,29 


of  Firebox  and 

Water  Side  of  Tubes  2839,74 
Boiler  volume 

WITH  WATER  SURFACE  AT  LEVEL 
OF  20  GAGE  COOK 

Water  Space,  cu.  ft.  349,7 

Steam  “  _ 83*1 

Exhaust  nozzle 

Double  or  Single _  OiUglO 

Size,  inches _ ....  5*63. 

Area,sq.  inches...  _ ....  .24*89 

Reverse  Lever 

H.  P.  Notches  Forward  of  Center  22 
L.  P.  Notches  Forward  of  Center  — 
RATIOS 

Heating  Surface  (.158)  to 
Grate  Area  (145) 

Fire  Area  Thru  Tubes  i119) 
to  Grate  Area  (145)  _ 

Firebox  Heating  Surface  (156) 
to  Grate  Area  (145) 

Tube  Heating  Surface  (155) 
to  Fire  Box  Heating 
Surface  (156) 


51,49 

.13 

S.41. 


14*^09. 


'USED  IN  OALOULATIONS 


Dl MANSIONS  OF  THE  H6b  CLASS  LOCOMOTIVE 
on  which  the  solid  end  grate  tests  were  made. 

Table  8. 


32 


M.  F.  304  A-SIxth  Sheet  1I-4-10 

Pennsylvania  Railroad  Company 

LOCOMOTIVE’  PhiUdbIphia,  A  Wthington  Rtilrobd  Company  BUllOtlH  8 

•  Notihbrn  Central  Railway  Company  a-iie-i  *r 

XYPE  2— 6**0  Waat  Janay  &  Saaahora  Railroad  Company  FUEL  S ....  Ji9lQj.B021 . 

CLASS  H6b  XEST  DEfSARXMEIMT  . . CQAI. . 

NUMBER  3660  Average  Results  of  Locomotive  Tests 

SUBJECT: . Standard  and  Solid  find  Grate  Altoona,  Pa., ^.2prl?12 . 

TEST 

NUMBER 

RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Teat, 

Hour! 

Miles 

per 

Hour 

Throttle 
Opening, 
Full  or 
Partial 

Actual 

Cut-off 

Per  Cant, 

H.  P. 
Cyilndon 

Kind 

of 

Grete 

. 

Preiaur* 

In  Bailer, 
Lba.  per 

Sq.  Inch 

Draft 

in 

Smoke  Box, 
Inchea 
of  Water 

Draft 

in 

Ash  Pan, 
laches 
of  Water 

Calorific 

Value 

(dOry 

Fuol, 

B.T.U.perU. 

Claden 

Collocted  In 

Smoko  Box, 

Poundo 
per  Hour 

R.  r.  A  C>t.<n  TtraHIa 

196 

199 

203 

268  to  271 

1  217 

222 

22S 

248 

238 

1200,400 

1200*399 

U00.401 

1200*404 

1200*410 

1200*405 

1200*406 

1200,407 

1200*408 

1200.409 

eo-20«? 

80>30»F 
eO-40-F 
120>^0-.F 
120-45^F 
60-20-F 
80-3  0-F 
80-10-F 
120,40-F 
120-4 5-F 

2 

2 

2 

2 

1 

2 

2 

2 

2 

1 

12*86 

12*66 

12*86 

19,30 

19,30 

12*86 

12*86 

12*06 

19*30 

12a^ 

Pull 

•f 

tt 

ft 

m 

ft 

n 

ft 

ft 

•1 

] 

Itaadsrc 

ft 

ft 

N 

w 

n 

ft 

ft 

It 

202*4 

204*8 

203*6 

198*3 

202.9 

204.8 
203.0 
205.1 

107.8 

1.5 
2.1 

3.6 

5.3 
5*6 

1.4 
2.1 
3*4 
5*0 
5>5 

0 

0 

0 

0.1 

0,2 

0.1 

0.1 

0.1 

0.2 

13540 

13393 

13540 

M 

n 

H 

tt 

H 

n 

w 

19 

24 

69 

94 

254 

17 

27 

37 

94 

254 

TEST 

NUMBER 

BOILER  PERFORMANCE 

ENGINE  PER 

FONMANCE 

Dry  Fuel 
Fired 
per  Hour, 
Pound! 

Dry  Fool 
per  Hour. 
Pound!  per 
Sq.  rt  of 
Grate 

Water 
Dollvored 
to  Boiler, 
Pound! 
par  Hour 

equivalent  evaporation 

FROM  ANQ  AT  2120  p. .  POUNDS 

Boiler 

Hort* 

Power 

UAHU.ofE.) 

Efficiency 
of  Boiler, 

Bated 

on 

Fuel 

Draft 

In 

Firebox 

Proosure 

la 

Branch  PIpa, 
Pauada 
par  Sq.  In- 

Superheat 

In 

Branch 

PIpa 

Degraei  F> 

Per 

Hour 

Per  Hour 
per  Sq.  Ft 
of  Fir* 
Heating  Sur. 

Per 

Pound 

of 

Dry  Fu4 

338 

339 

340 

344 

345 

347 

349 

360 

220 

230 

1200*400 

1200,399 

1200,401 

1200*404 

1200*410 

1200.405 

1200.406 

1200*407 

1200.408 

iftOA.ane 

1867 

2346 

3469 

4893 

55S0 

1838 

2S40 

3274 

5042 

Mia 

38*16 

48*21 

71,29 

100*66 

113*66 

37*68 

48*09 

67*28 

103*62 

14860 

17678 

23844 

30625 

33058 

14435 

17416 

23467 

31010 

32510 

18237 

21509 

29046 

37273 

40153 

17467 

21186 

28643 

37785 

39584 

7*28 

8,69 

11*59 

14*86 

16*08 

6,97 

8*46 

11*43 

15,08 

16-80 

9.82 

9,17 

8.37 

7.62 

7,26 

9.52 

9,05 

8,75 

7*49 

7.44 

628.6 

623,4 

841.9 

1080.4 
1163.9 

506*0 

614*1 

830.2 
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66.13 
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51,79 
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62.41 
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0.7 

0,8 

1.3 

2,0 

2,0 

0*6 

0*8 

1.2 
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2*2 

TEST 

NUMBER 

ENGINE  PERFORMANCE 

LOCOMOl 

rive  PE 

RFORMANCE 

Dry  Steam 

U 

Enginea, 

Pound* 

porHour 

lodletled 

Hon* 

Pouror 

Dry  Fuel 
per 

Indicated 

Hen* 

Pever  Hoar, 

Dry  Steam 
P* 

ladkatod 

Horae 

Power  Hour, 
Poundt 

C  0 
in 

Gases 

Drawbar 

Pull, 

Poundt 

Dynamometur 

or 

Drawbar 

Horaa 

Power 

Dry  Fuol 
per 

Oynamoffl. 

Horae 

Power  Hour, 
Poundt 

Dry  Steam 
per 

Dynamom. 

Horaa 

Powar  Hour, 
Pound! 

Machlao 

Efficiency 

of 

Locomotiv*, 
Per  Cent. 

Tharmal 

Efficjoncy 

of 

Locomotive, 
per  Cent, 

Smoaca 

In 

For  oont 

214 
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0 
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0.4 

a*a 
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4*68 

4,94 
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27,4C 
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» 

i 
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12 

12 
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RESULTS  OF  TESTS  OF  SOLID  END  AND  STANDARD  GRATES. 

Jamison  Coal. 

Table  9. 


COORDINATE  PAPER.  J.  R  Webb.  Hoboken,  N.  J.  . (itGATirE. 


33 


SMOKE,  AND  COAL  FIRED. 

The  solid  end  grates  make  a  little  more  smoke  than  the  regular  form  of  grate.  Jamison  Coal 

Fig.  13. 


CO-ORDINATE  PAPER.  J.  B.  WEBB,  Hoboken,  N.  J.  . ntUATivE, 


CO-ORDINATE  PAPER.  J  B  Webb.  Hoboken,  N.  J.  . negative,  2 
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SMOKE  AND  EVAPORATION. 

The  solid  end  grate  again  shows  more  smoke  than  the  standard  grate.  Jamison  CoaU 

Fig.  14. 


CO-ORDINATE  PAPER.  .  J  a  Webb.  Hoboken,  N.  J. 


EQUIVALENT  EVAPORATION  PER  POUND  OF  DRY  COAL. 

CO-ORDINATE  PAPER.  J  B.  Wsw.  Hol-okm.  N.  J.  . WEGATirt. 


Mfi 


EVAPORATION  PER  POUND  OF  COAL  AND  RATE  OF  EVAPORATION. 
No  difference  can  be  found  between  the  two  grates,  Jamison  Coal. 

Fig.  15. 
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COAL  PER  DYNAMOMETER  OR  DRAWBAR  HORSEPOWER,  AND  DYNAMOMETER 

HORSEPOWER. 

There  is  little  or  no  difference  between  the  two  grates.  Jamison  Coal. 

Fig.  16. 


GRAPHICAL  LOG  OF  TEST. 


The  following  diagrams  show  the  boiler  pressure, 
speed,  drawbar  pull  and  weight  of  coal  and  water 
for  each  ten  minute  interval  of  the  test.  A  diagram 
is  drawn  for  each  test  and  is  on  file  with  the  Test 
Plant  records.  A  few  representative  diagrams  are 
shown  here. 
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Sheet  No.  P-314 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

Pnilaoclphia,  Balttmor£  a.  Washinoton  Railroad  Company 
Nort  hern  Central  Railway  Company 
WEST  Jerky  a  Seashore  Railroad  Company 

TEST  DEPARTMENT  BUllatiZl  NO.  8 

Graphical  Log  of  Locomotive  Test 


IS  •  Mil 
*  »  leH  ' 


Grate  Area  Reduced 


Altoona,  Pa..  12-19—06 


UPPER  FIGURES  R.  P.  M. 
LOWER  FI&UR  ES  APPROX. 
speed  fN  MILES  PER  HOUR 


Locomotive 

Type  4-4»«2 
Class  ERa 
Number  5266 


2 

AND  HOURS 


Speftci 

in 

per 

Hdii! 

Revolutions 

per 

Mtnute 

Per  Cent., 

H.  P. 
Cylinders 

Throttii! 

Opening 

Full 

or 

Partial 

Evaporation 
Pounds  of 
Wator  pci 
Pound  of 

Coal 

38,2 

160 

25 

Pull 

6.11 

Test  No.  916 


Sheet  No.  P«314 
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Sheet  No.  P-516 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

Philaoci^hia.  BAuTiMone  &  Washinotom  Railroad  Comrary 
Northcrn  Ccrtral  Railway  Company 
WCtT  JCRS€Y  S.  SCASHORC  RAILROAO  COMPANY 

TEST  DEPARTMENT  Bullfitln 

Graphical  Log  op  Locomotive  Test 

Orate  Area  Reduced 


I'i » 1*11 
•  1  lOH 


No.  6 


Altoona,  Pa..  11-26-06 


10 


:::UPPE«  FIGURES  R.  P.  M, 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
Type  4--4-2 
Class  s2e 
Number  5266 


20  30  40  50  I  10  20  30  40  50  ^ 

LENGTH  OP  TEST-  MINUTES  AND  HOURS 


Spe<^ 

in 

Miles 

per 

Hou*’ 

Revolutions 

per 

Mlnut* 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 
Openint( 
Ful!  ' 

or 

Partial 

Evapontion 
Pounds  of 
Wtter  per 
Pound  of 

Coal 

36.S 

160 

27 

Pull 

5,73 

Test  No. 


917 


Sheet  No. 


P-316 
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Sheet  No.  P^16 


M.  P.  BxDBrlmental  D-1 

Pennsylvania  Railroad  Company 

PHtLAOCL^lA.  Baltimoih  A  Wa«hiimito«i  Railhoao  Com^amy 
NORTHCRN  CCtfTRAL  RAILWAY  COMPANY 
WcsT  JcracY  4.  SCASHOM  Rai^oao  Company 

TEST  DEPARTMENT  Bulletin  NO. 

Graphical  Log  of  Locomotive  Test 


u>  iti^ 
8  X  {•M 


8 


Orate  iron  Reduced 


Altoona,  Pa..  11-26-06 


O  to  20 


FIOURES  R.  R.  M. 
L.OWER  FIOUR  ES  APPROX. 
SPEED  IN  MII.S8  PER  HOUR 


Locomotive 
Type  4-4-4 
Class  BSa 
Number  5266 


so  to  20  30  40  SO  2 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


SOMlI 

in 

MiH 

HMr 

.  RtvolutlMt 
per 

Minute 

Cut -a  IT 

Per  Cent., 

H.  P. 
Cylliuters 

Throttle 

Opening 

Full 

or 

Pertlel 

Evtporatiofl 
Pound!  of 
Witer  per 
Pound  of 

Ceil 

88.2 

160 

SO 

Toll 

5«4S 

Test  No. 


918 


Sheet  No.  IWS16 
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Sheet  No.  P~317 


M.  P.  Exparimental  D-1 

Pennsylvania  Railroad  Company 

PhILAOEUPHIA.  BALTIMOAC  &  WAttHtMQTOM  MAILIIOAO  COMPlt^V 
NcMiTHeRN  Central  Railway  Cumpany^ 

West  «Icr8ey  d  Seashore  Railroao  Company 

TEST  DEPARTMENT  Bolletln  NO. 

Graphical  Log  of  Locomotive  Test 


u  #  J»U 


8 


Orats  irea  Reduced. 


AtTOOtiAi  Pa  .  4-10—1907 


lO 


Ci  UPPER  FIGURES  R.  P.  M 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


LOCOMOTIVE 
Type  4**4«*2 
Class  K2a 

N  t  I  M  B  E  R  6268 


30  40  SO  ^ 

LENGTH  OF  TEST- 


20  30  40 

-M  I  NUTES 


BO  2 

AND  HOURS 


lO  20  30  40  SO 


Speed 

in 
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per 

Hour 

Revolutions 
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Minute 

Cut-off 

Per  Cent., 
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Cylindors 
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Foil 

nr 

Partiel 

Evaporation 
Pound*  of 
Water  por 
Pound  of 

Coal 

37.78 

160 

25 

Pull 

6.62 

Test  No.  926 


Sheet  No.  ^^17 
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M.  P.  Bxparlmental  D-1 

Pennsylvania  Railroad  Company 

pHitAoetPHiA.  Baltimore  &  Waehihutun  Railroad  Company 
Northcrm  Ccniral  Railiakay  Company 
Wert  JcRRCr  d.  Searhorc  Railroad  Company 


11 1  1»U 

*  » loHI 


Sheet  No.  P-31S 
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Grate  ;ro&  Reduced. 


TEST  DEPARTMENT  Bullotln  NO. 

Graphical  Log  of  locomotive  Test 

Altoona,  Pa..  4*»11»»1907 


UPPER  FIGURES  R.  P 
UOWER  FIGUR  ES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


LOCOMOTIVE 

Type  4-4-2 
Class  E2a 
Number  5266 


so  ^ 
LENGTH  OF  TEST- 


so  lo  20 

MINUTES  AND  HOURS 


Speed 

Ir 

Mitet 

per 

Hour 

RevolutlMi 

fnr 

Mliiut. 

Cut'Oir 

P«r  C«nt., 

H.  P. 
Cyllnd«rs 

Throttle 

Opening 

Full 

or 
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Evaporation 
Pounds  of 
Water  par 
Pound  of 

Coal 

37.78 

160 

32 

mi 

6.29 

Test  No. 


928 


Sh  eet  No. 


F'lie 
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M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

PMItAOCL^IA,  BALTIMOAC  4  WASHINOTON  RAIIROAD  COM^Affl 
NORTHCWI  CCMTflAL  RAILWAY  COMPAMV 
Wear  JmcY  A.  $ca8hopc  Railpoao  Cnnn(vw*f 


IS  'J  11)11 
loH 


Sheet  No. 

Orato  Area  Rednoed 


TEST  DEPARTMENT  Btlllotln 

Graphical  Log  of  Locomotive  Test 


No. 


8 


Altoona,  Pa..  1*«29— 1907 


t;;  UPPER  FIGURES  R.  P.  M. 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 

Type  4-4-2 
Class  K2a 
Number  5266 


Spetd 

in 

Miles 

per 

Ho\ii 

Revolutions 

por 

Cut -off 

Per  Cent., 

H.  P. 

Throttle 

Opening 

Tull 

A*r 

PAfliAl 

LvApOfAtion 
Pounds  of 
Wtter  per 
Pound  of 

Coa« 

38*2 

160 

25 

Poll 

5.57 

Sheet  No.  P— 319 
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M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 


IS  »  Ifll 


PHUAOCi-PMU,  BALTiMUfIC  ^  WASHINOTON  RAILAOAO  COM^AMY 
NOATHCAN  ^NTRAt  RAILWAY  COMPANY 
WCAT  JfASCV  SCASHONC  RaiiROAO  COMPANY 


Sheet  No.  P-320 


TEST  DEPARTMENT  Bulletin 

Graphical  Log  of  Locomotive  Test 


NO.  8 


Orate  Area  Reduced 


ALTOONA,  Pa..  1-31—07 


UPPER  FIGURES  R.  P 
l_OWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


2 

UENGT.H  OF  TEST — MINUTES  AND  HOURS 


LOCOMOTIVE 

) 

Type  4^-2 
Class  E2a 
Number  5266 


Speed 

in 

Mites 

per 

Hour 

.  Revolutions 
per 

Minute 

Cut-olT 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 
Opening 
Ful!  ' 
or 

Pirtinl 

Evapomlion 
Pounds  of 
Witer  per 
Pound  nf 

Coal 

38.2 

160 

25 

Pull 

7.04 

Test  No. 


945 


Sh e et  No.  MZO 
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Sheet  Noiv^Sja. 


M.  P.  Experiment*!  D-1 

Pennsylvania  Railroad  Company 

PHICACNcLPHIA,  BA^TIMOMI  a  WA^NOTOM  RAILAOAO  COMeAMY 

Northern  Ccniral  Ra  lwav  Company 
West  Jersey  a  Seashore  Railroao  Company 

TEST  DEPARTMENT  BnlletiZl 

Graphical.  Log  of  Locomotive  Test 


la  *  ixu 
ix  uH 


No. 


8 


OrAte  /.rea  RedscaA, 


Altoona,  Pa..2"6-1907 


UPPER  FIGURES  R.  P.  M. 

lower  figur es  approx. 

SCREED  IN  MILES  PER  HOUR 


Locomotive 

Type  ^-4^2 
Class  B2a 
Number  5266 


30  *0  SO  I  lO  20  30  40  SO  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Speed 

in 

Mllei 

?•’ 

Heur 

SemIutiMt 

f*' 

Mlnutt 

Cut-elf 

Per  Cent., 

H.  P. 
CyUnderi 

Throttle 

OpenlnK 

Full 

or 

Partixl 

EvaporaUen 
Poundt  of 
Water  per 
Pound  of 

Cool 

38*20 

160 

32 

Toll 

6.62 

Test  No. 


947 


Sh  SET  No.  P^21 
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Sheet  ho.  JS-^ZZ 


M.  P.  Experimeatal  D-1 

Pennsylvania  Railroad  Company 

PHIlAOetP^IIA.  BALTtMOflC  4  WASHtMaiON  RAILAOAO  COM^AMY 
NOfITHKRN  CCNTAAL  RAILWAY  COMPAMY 
Wur  Jefi«er  4  SCAtHOAf.  Railaoao  Compamy 

TEST  DEPARTMENT  Bulletin 

Graphical.  Log  of  Locomotive  Test 


It  •  mi 
«xMH 


No.  8 


Urate  Area  Reduced 


Altoona,  Pa..  3-8-07 


:;tUPPef^  FIGURES  R.  P.  M. 
UOWER  FIOUR  ES  approx. 
SP»EED  IN  MILES  PER  HOUR 


LocovvicnvE 
Type  4-4-2 
Class  E2a 
Number  6266 


30  40  50  <0  20 

LENGTH  OF  TEST 


2 

MINUTES  AND  HOURS 


^  Speed 

j  ;n 

Miles 

per 

Hour 

per 

MinuU 

Cut-off 
f'er  Cent., 

H.  P 
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Throttle 

Openincr 

Full 

DC 

Part'a! 

Evaporation 
Poundi  ef 
Water  per 
Pound  of 

Coal 

36.0 

160 

25 

Pull 

7,23 

Test  No.  952 


Sheet  No.  1^22 
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M.  P.  Bxp«rtni0nt«l  D-1 

Pennsylvania  Railroad  Company 

Philaoclphia,  Baltimom  4.  Wasmimqton  Railkmo  Company 

NORTHCAM  CCNTftAL  RAILWAY  COMPANY 

West  Jcwcy  &  SKASMOnt  Railrowj  Company 


* JIU 

ixl*H 


Sheet  No.  P->32S 


TEST  DEPARTMENT  BnllOtin 

Graphical  Log  of  Locomotive  Test 

Orate  Area  Bedaced 


No. 


Altoona.  Pa..  3—9—07 


UPPER  FIGURES  R.  R 
LOWER  FIGURES  APPROX. 
SPEED  IN  MU.es  PER  HOUR 


Locomotive 
Type  4-4-2 
Class  E2a 
Number  5266 


20  30  40  30  lO  20  30  40  50  ^  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 
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Coal 
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L0C0M0TIN,'E 

Type  2-6-0 
Pi-Ass  E6b 
Number  2660 


Speed 

in 
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Throttif 
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Pounds  of 
Water  per 
Pound  of 

Coal 

12.66 
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40 
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6.81 

Test  no.  1200*401 
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M.  P.  Bzp«rlment&l  D-1 

Pennsylvania  Railroad  Company 

PHR.AOti.FHiA,  Baltimore  6k  WASHiNaTON  Ra*laoao  Comfany 
Northuin  Ccntral  Railway  Company 
WttT  JCMCr  dk  SCARHORE  RaiLRUAO  COMPANY 
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Sheet  No. 


TEST  DEPARTMENT  Bulletin 

Graphical.  Log  of  Locomotive  Test 


aratee  with  Solid  I^nda 
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-.t^UPPCR  FIGURES  R,  P.  M 
UOWCR  FIOUR  CS  APPROX. 
SPCCO  IN  MILES  PER  HOUR 
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00 
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LENGTH  OF  TEST - MINUTES  AND  HOURS 
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M.  P.  BzpeHm«nt*l  D-1 

Pennsylvania  Railroad  Company 

PHN.Aau.mt*,  Baltimoik  &  Washington  RAH.Ro<to  Company 

NORTHCKN  CCNTNAL  RAH.WAY  COMPANY 

Wist  Jcnssy  S,  Ssashons  Rannoao  Company 
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LOCOMOTIVE  TESTING  PLANT. 


SELF-CLEANING  FRONT  END  FOR  E  CLASS 

LOCOMOTIVE. 


The  development  of  a  Self-Cleaning  Front  End  for  the  E  Class 

or  Atlantic  Type  Locomotive. 


Conclusions  and  Recommendations  on  page  52. 


INTRODUCTION. 

1.  In  this  bulletin  is  described  the  development  of  a  self¬ 
cleaning  front  end  for  our  Atlantic  Type  locomotive,  and  a 
comparison  is  made  of  some  forms  of  front  ends  on  our  Con¬ 
solidation  locomotives.  The  results  of  the  experiments  lead 
us  to  believe  that  satisfactory  self-cleaning  front  end  arrange¬ 
ments  have  been  found  which  will  increase  the  capacity  of 
these  locomotives  for  sustained  runs  without  decreasing  their 
efficiency. 

2.  Our  locomotive  smokeboxes  retain  a  large  part  of  the 
cinders  entering  them  from  the  tubes,  and  provision  is  made 
for  cleaning  them  at  terminals  or  at  coaling  points  on  the 
division.  This  regular  cleaning  out  of  the  accumulated  cin¬ 
ders  is  an  expensive  and  troublesome  operation,  but  a  greater 
objection  to  the  retention  of  cinders  in  the  smokebox,  is  the 
fact  that  they  fill  the  passage  through  which  the  gases  are 
drawn,  and  interfere  with  the  draft.  Eventually,  in  many 
cases,  the  passages  are  so  closed  up  that  the  locomotive 
fails  entirely. 

3.  It  has  seemed  desirable  to  remove  these  conditions, 
which  limit  the  steaming  of  the  locomotive,  and  various 
devices  have  been  tried,  the  object  of  which  is  to  cause  all  of 
the  cinders  to  be  discharged  from  the  stack.  The  method  of 
producing  this  self-cleaning  effect,  is  to  create,  in  the  smoke- 
box,  a  restricted  opening,  through  which  the  cinders  are  drawn 
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in  a  rapidly  moving  stream  of  gases.  If  the  passages  in  the 
smokebox  are  large,  the  flow  of  gases  is  too  slow ‘to  carry 
along  the  cinders. 

4.  At  the  same  time  that  the  narrow  passage  is  provided, 
the  other  parts  in  the  smokebox  must  be  adjusted  so  that  the 
whole  internal  arrangement  of  the  smokebox  will  act  as  a 
unit  in  creating  sufficient  draft  upon  the  fire  and  in  discharg¬ 
ing  the  cinders. 

5.  This  bulletin  describes  a  series  of  experiments  with 
locomotives  of  the  E  class,  or  Atlantic  Type,  and  H6b  class 
or  consolidation  type  in  developing*  smokebox  arrangements 
that  would  be  self-cleaning,  and.  at  the  same  time  give  good 
results  in  steaming. 

6.  Satisfactory  results  were  finally  attained  for  the  E  class 
with  an  arrangement  as  shown  in  Fig.  19  and  for  the  H6b 
class  in  Fig.  35.  The  development  of  the  E  class  front  end 
will  be  the  first  described. 

Description  oe  Standard  Front  End. 

7.  The  front  end  or  smokebox  arrangement  now  in  use  on 
a  large  number  of  our  Atlantic  Type  passenger  locomotives 
of  the  E  class,  is  shown  in  Fig.  3.  The  outside  stack  is  16 
inches  in  diameter  at  the  base  and  has  a  taper  of  one  inch 
diameter  per  foot  of  height.  The  inside  stack  is  not  tapered. 
The  diaphragm  plate  is  perforated  and  has  an  adjustable 
plate  on  the  lower  edge,  a  netting  covering  the  perforations. 

8.  This  arrangement  will  be  referred  to  in  the  report  as 
the  standard  front  end. 

9.  A  large  number  of  tests  of  various  kinds  have  been 
made,  on  the  Testing  Plant,  with  class  E3a  locomotive  5366 
equipped  with  this  standard  front  end,  and  while  it  has  been 
found  to  be  a  very  good  arrangement,  when  it  is  frequently 
cleaned,  so  far  as  the  steaming  of  the  locomotive  is  concerned. 
It  is  not  self-cleaning,  and  with  friable  coals,  the  accu¬ 
mulation  of  cinders  in  the  front  end  may  be  as  much  as  1000 
pounds  per  hour — a  quantity  that  seriously  interferes  with  the 
draft  and  necessitates  cleaning  of  the  front  end  at  the  end  of 
an  hour’s  run.  With  gas  coals,  the  accumulation  of  cinders 


is  not  so  serious  a  matter,  but  even  with  these  coals  300 
pounds  per  hour  or  more  may  be  collected  and  the  smokebox 
must  be  cleaned,  at  the  end  of  each  trip,  where  the  locomotive 


Fig.  2. 

Standard  front  end  arrangement  E2a  class  locomotive.  This  form  is^not  self-cleaning.  A 
cinder  trap  is  used  with  it.  The  diaphragm  plate  has  76  holes  in.  diameter  and  75  holes  %  in. 
diameter.  Its  lower  edge  is  adjustable.  The  part  extending  forward  across  the  nozzle  is  made  up 
of  netting. 


is  working  up  to  its  capacity,  and  burned  front  ends  result  if 
there  is  any  air  leakage  after  cinders  have  collected. 


Master  Mechanics'  Association  Front  End. 

10.  A  committee,  appointed  by  the  American  Railway 
Master  Mechanics'  Association,  reported  upon  a  series  of 
front  end  tests  that  were  made  at  Purdue  University,  with  a 
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New  York  Central  &  Hudson  River  Railroad  locomotive  of 
the  4-4-2,  or  Atlantic  Type  (See  Proceedings,  American  Rail¬ 
way  Master  Mechanics’  Association,  Volume  XXXIX,  1906). 
Conclusions  from  these  tests  for  a  front  end  arrangement  for 
best  results,  are  given  in  the  report  as  follows: 

“A  suggestion  as  to  a  standard  front  end  is  presented  as  Fig. 
1,  which,  with  the  following  equations  referring  thereto,  may  be 
accepted  as  a  summary  of  conclusions  to  be  drawn  from  all  experi¬ 
ments  made. 

“For  best  results  make  H  and  h  as  great  as  practicable.  Also 
make 


d-0.21  D  4-  0.16  h. 
b  =  2d  or  0.5  D. 

P  =  0.32  D. 

p  =  0.22  D. 

L  =  (Not  well  established)  =  0.6  D  or  0.9  D  but  not 
of  intermediate  values.” 

11.  These  rules  were  used  as  the  basis  of  a  design  of  front 
end  arrangement  to  be  tried.  No  attempt  was  made,  however, 
to  have  the  lengths  of  the  smokebox  conform  to  those 
recommended,  which  could  make  it  either  63  inches  or  42 
inches  in  length  instead  of  the  present  83f  inches  for  the  E 
class  locomotive. 

12.  In  Fig.  1  the  proportions  of  the  front  ends  as  finally 
developed,  and  which  gave  the  best  results  on  our  locomotives, 
are  shown  in connection  with  the  Master  Mechanics’  re¬ 
commendations,  for  a  best  arrangement. 

13.  Our  arrangements  do  not  conform  very  closely  to  the 
Master  Mechanics.  One  difference  is  in  the  length  of  inside 
stack  (P).  This  length  had  to  be  increased  in  order  to  lift 
the  cinders  from  the  table  plate  or  diaphragm.  The  longer 
inside  stack,  limits  the  diameter  of  bell  (b),  on  account  of  the 
smaller  space  available  near  the  top  of  the  exhaust  nozzle. 
The  bell  should  not  be  circular,  but  should  be  extended  on 
the  sides  to  more  completely  cover  the  horizontal  part  of  the 
plate.  In  these  experiments,  however,  the  bell  was  circular. 
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ARRAHGSffiHT  OP  FRONT  END  FOR  BEST  RESULTS 


Master  Mechanics 
Association 


£2a  A  B3a 
Classes 


H6h 

Class 


Stack  tliroat 


0.21  U  4*  0.16  h 


0.21  D  +  0.09  h 


0.21  Ii  +0.67  h 


hell 


2  d  or  0.5  U 


1.44  d  or  0.33  D 


1.32  d  or  0.304  D 


Length  of 
inside  stack 


0.32  U 


0.54  D 


0.51  U 


Length  of  hell  p 


0.22  P 


Mot  estahllshed 


Not  established 


Length  of 
Smohehoz 


Not  well  estahllBhx 
ed  0.6  D  or  0.9  P 
hat  not  of  inter«> 
mediate  cities. 


1.19  U 


0.9  J> 


h  -  Tip  of  nozzle  to  center  11ns  of  smokshoz. 
P  -  Dlaseter  of  smokshoz. 

H  -  Heie^t  of  outside  stack. 


Sheet  No..P»’353.. 


Fig.  1. 

Diagram  of  front  end  arrangement  giving  best  results  as  shown  in  report  of  Master  Mechanics' 
Association  tests. 
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The  Locomotive  on  Which  the  Tests  Were  Made. 

14.  An  E2a  class  locomotive  5266,  was  used  for  most  of 
the  front  end  trials  but  later  some  of  the  devices  were  applied 
to  E3a  class  locomotive  2984.  An  outline  drawing  of  these 
classes  is  shown  in  Fig.  3  and  the  principal  dimensions  of  the 
locomotives  are  given  in  Tables  3  and  7.  The  E3a  locomotive 
differs  from  the  E2a  in  diameter  of  cylinder  only. 

Draft  and  Back  Pressure. 

15.  In  the  tests  made  by  the  Master  Mechanics’  Commit¬ 
tee,  oil  was  used  for  fuel  and  by  its  use  the  admission  of  air 
to  the  firebox  could  be  completely  controlled.  With  oil  firing, 
the  effectiveness  of  any  arrangement  could  be  derived  from 
the  draft  indications ;  the  draft  in  the  smokebox  at  any  fixed 
back  pressure  being  dependent  only  upon  the  smokebox 
arrangement. 

16.  As  our  problem  was  to  devise  an  arrangement  that 
would  clear  the  smokebox  of  cinders,  the  use  of  oil  for  fuel 
could  not  be  considered,  and  with  coal  it  was  found  impossible 
to  duplicate  draft  readings  under  apparently  similar  conditions 
of  running. 

17.  By  means  of  a  steam  engine  indicator  connected  to 
the  exhaust  pipe,  a  few  inches  below  the  nozzle,  the  back 
pressure  was  observed,  and  by  running  the  locomotive  under 
gradually  increasing  loads,  a  series  of  readings  of  the  back 
pressure  and  corresponding  draft  or  vacuum  in  the  smokebox 
was  obtained.  These  readings  are  plotted  in  Fig.  4,  showing 
results  for  a  light  or  thin  fire  on  the  grate.  Fig.  5  shows  a 
series  of  readings  under  similar  conditions  but  with  a  heavy 
fire  on  the  grate.  A  comparison  of  these  diagrams  indicates 
very  clearly  that  the  draft  is  so  closely  dependent  upon  the 
thickness  of  the  fire  that  it  cannot  be  used  as  a  basis  of  com¬ 
parison  for  different  front  end  arrangements  when  firing  coal. 

18.  In  Fig.  6  the  same  readings  of  draft  are  shown  in 
relation  to  the  draft  in  front  of  the  diaphragm.  Here  again 
the  differences  in  draft  conditions  due  to  thickness  of  the  fire 
are  evident. 
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GENERAL  ARRANGEMENT  OF  E2a  AND  E3a  CLASS  LOCOMOTIVE. 
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leading  dimensions  of  locomotive 

(E2a  CLASS) 


Total  weight  in  working  order,  pounds .  184,167 

Weight  on  drivers,  in  working  order,  pounds .  110,000 

Cylinder  (simple)  size,  inches .  20^  x  26 

Diameter  of  driving  wheels,  inches .  80 

Firebox  heating  surface,  square  feet .  156.86 

Heating  surface  of  tubes  (water  side),  square  feet .  2,471.04 

Total  heating  surface  (based  on  water  side  tubes), 

square  feet .  2,627.90 

Total  heating  surface  (based  on  fire  side  tubes),  square 

feet .  2,319.26 

Grate  area,  square  feet . . .  55.5 

Boiler  pressure,  pounds  per  square  inch .  205 

Valves,  type .  Wilson  double  ported,  slide 

Valve  gear .  Stephenson 

Firebox  type . . . Wide,  Belpaire 

Number  of  tubes .  315 

Outside  diameter  of  tubes,  inches .  2 

Length  of  tubes,  inches . 180 


CO-Ot-’DINAT^  PAPER.  J  B.  WtBB.  Hoboken,  N.  J.  _ | . . WEOaTive, 
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Fig.  A. 

The  draft  in  the  smokebox  and  firebox  with  a  thin  or  light  fire. 
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19.  With  a  light  fire  the  loss  in  draft  between  the  two 
sides  of  the  diaphragm  and  between  the  front  of  diaphragm 
and  the  firebox  decreases  uniformly  as  the  intensity  of  the 
draft  increases. 

20.  With  a  thick  fire  the  losses  first  increase  to  a  max¬ 
imum  at  about  five  inches  of  draft  and  then  decrease  with 
higher  draft. 

21.  In  estimating  the  comparative  merits  of  the  different 
devices  tried,  it  then  became  necessary  to  take  account  of  a 
number  of  factors,  as : 

The  weight  of  cinders  collected  in  the  smokebox. 

The  quantity  of  water  that  could  be  evaporated  as  com¬ 
pared  with  the  standard  front  end. 

The  evaporation  per  pound  of  coal,  or  the  efficiency  of 
the  boiler. 

The  general  steaming  of  the  locomotive  as  shown  by  the 
boiler  pressure  during  a  test. 

22.  These  methods,  although  logical,  may  appear  to  be 

indefinite  and  unscientific.  There  is  at  present  no  rational 
method  for  smokebox  design  and  until  much  more  careful 
investigations  are  made,  comparisons  of  different  smokebox 
arrangements  cannot  be  based  upon  anything  but  very  general 
considerations.  ^ 

23.  It  would  have  added  greatly  to  the  value  of  the  tests 
if  the  weight  of  sparks  discharged  could  have  been  measured. 
At  the  time  of  the  tests,  however,  apparatus  for  this  purpose 
had  not  been  perfected,  and  the  cinders  remaining  in  the 
smokebox  were  all  that  could  be  weighed. 

24.  From  tests  made  with  the  standard  front  end  it  was 
known  that  the  boiler  could  be  expected  to  give  an  equivalent 
evaporation  of  about  16  pounds  of  water  per  square  foot  of 
heating  surface,  with  Scalp  Level  coal,  and  18  pounds  with 
Penn  Gas  coal.  To  obtain  the  lower  evaporation,  a  speed  of 
160  revolutions  per  minute  and  a  cut-off  of  27  per  cent,  was 
required  with  locomotive  5266  with  fully  open  throttle,  and 
for  the  higher  evaporation  of  18  pounds,  160  revolutions  and 
32  per  cent,  cut-off  with  full  throttle. 


O'nKDINATK  PAPER,  j  B  WfBB  Hobokfti.  N  J.  . NEGATIVE. 
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Fig.  5. 

The  draft  in  the  smokebox  and  firebox  with  a  thick  or  heavy  fire.  The  draft  is  nearly  two  times 
what  it  was  with  a  thin  fire. 


CO-ORDINATE  PAPER.  J  B.  Webb.  Hoboken,  N.  J.  . negative. 
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25.  If  the  results  with  the  standard  front  end  could  be 
equalled  with  a  self-cleaning  device  the  object  of  the  tests 
would  be  accomplished,  as,  with  the  added  advantage  of  a  self¬ 
cleaning  front,  which  would  permit  the  use  of  friable  coal,  the 
capacity  of  the  locomotive  would  not  be  reduced. 

26.  The  tests  were  made  with  both  Scalp  Level  and 
screened  Penn  Gas  coals.  The  Scalp  Level  coal  was  used  for 
the  preliminary  runs,  as  with  it  large  quantities  of  cinders  are 
drawn  through  the  tubes  and  the  self-cleaning  feature  could 
be  better  observed  than  with  a  coal  making  less  cinders. 

27.  The  final  series  of  tests  was  made  with  Penn  Gas  coal 
as  it  is  one  of  the  regular  passenger  coals,  while  Scalp  Level 
is  not. 

28.  The  same  fireman  fired  all  of  the  tests  on  locomotive 
5266,  with  one  exception,  which  will  be  noted  later. 

The  Tests. 

The  Effect  of  a  Movement  of  the  Diaphragm  Edge  with  the 

Standard  Front  End. 

29.  Before  any  changes  were  made  in  the  standard  front 
end.  Fig.  2,  some  trials  were  made  to  note  the  eflfect  on  the 
fire  of  a  movement  of  the  lower  edge  of  the  diaphragm  plate. 
The  normal  position  of  this  edge  for  locomotive  5266  is  as 
shown,  21i  inches  above-  the  bottom  of  the  smokebox.  The 
plate  was  lowered  5|  inches  from  this  normal  position  and 
after  a  short  trial  run  it  was  raised  5J  inches  above  the  nor¬ 
mal  position  and  a  trial  made. 

30.  These  changes  in  the  position  of  the  diaphragm  plate 
over  a  range  of  lOf  inches,  produced  no  marked  effect  upon 
the  burning  of  the  fire.  It  burned  evenly  over  the  whole 
grate  under  each  adjustment  of  the  diaphragm,  and  the  loco¬ 
motive  steamed  as  freely  with  the  plate  in  either  the  upper 
or  the  lower  positions  as  it  did  under  normal  conditions. 

31.  The  fact  that  the  diaphragm  is  perforated  may  ac¬ 
count  for  the  lack  of  sensitiveness  or  marked  effect  upon  the 
fire  when  the  plate  is  given  a  new  position. 
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Fig.  6. 

Draft  losses  at  different  rates  of  combustion  with  a  thick  and  a  thin  fire.  The  loss  in  draft  in¬ 
creases  to  a  maximum,  and  then  decreases  with  a  thick  fire.  With  the  thin  fire  the  losses  become  less 
as  the  draft  Is  increased. 


CO-OREMNATE  PAPER.  J  B.  Webb  Hoboken.  N.  J. 


Fig.  7. 

A  comparison  of  draft  and  evaporation  for  the  best  arrangement  on  the  E  class  and  the  H6b 
class.  The  rates  of  evaporation  for  the  two  classes  are  very  nearly  alike. 


CO-ORDTNATE  PAPER.  J  B.  WEB8.  Hoboken,  N.  J.  . NEGATIVE, 
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Preliminary  Tests. 

32.  The  trials  of  front  en,d  made  by  the  Master  Mechanics’ 
Committee  did  not  determine  the  arrangement  of  the  di¬ 
aphragm  plate  to  make  the  smokebox  self-cleaning,  and  the 
first  consideration  in  these  tests  was  to  investigate  the  shape 
of  the  diaphragm  and  its  location  in  the  smokebox  for  this 
purpose. 

33.  A  diaphragm  of  the  general  type  recommended  by 
the  Committee  as  applied  to  this  locomotive  is  shown  in  Fig. 
8.  The  whole  diaphragm  plate  was  without  perforation,  and, 
as  first  applied,  extended  beyond  the  centre  line  of  the  nozzle 
a  distance  of  16f  inches.  At  its  end  there  was  an  angle  and  a 
plate  inches  wide,  extending  downward  to  a  point  13i 
inches  above  the  bottom  of  the  smokebox.  The  netting  was 
omitted  for  these  preliminary  trials. 

34.  With  the  arrangement  as  described  above  and  as  shown 
in  Fig.  8  a  test  was  made.  No.  900.25,  using  Scalp  Level  coal 
and  working  the  boiler  at  about  the  limit  of  its  capacity  to 
maintain  a  good  pressure.  The  arrangement  was  found  to  be 
perfectly  self-cleaning,  there  being  no  cinders  at  all  left  in  the 
bottom  of  the  smokebox. 

35.  An  inside  stack,  according  to  the  Master  Mechanics’ 
recommendations,  was  then  applied  as  shown  in  Fig.  9,  and 
without  other  changes,  a  test,  No.  900.26,  was  made  at  the 
same  speed  and  cut-off  as  before. 

36.  The  exhaust  nozzle  was  then  changed  from  5f  inches 
diameter  to  5f  inches  diameter,  but  after  a  few  minutes  of 
running,  with  this  large  nozzle  it  was  evident,  on  account  of 
the  falling  pressure,  that  the  nozzle  was  too  large  to  give 
sufficient  draft. 

37.  The  nozzle  was  then  reduced  to  5|  inches  diameter, 
and  without  other  changes  a  test  was  made  at  a  lower  rate  of 
evaporation  than  the  earlier  tests. 

38.  This  arrangement.  Fig.  9,  was  found  to  steam  fairly 
well  and  to  be  perfectly  self-cleaning. 

39.  The  smokebox  was  then  fitted  with  a  stack  that  was 
exactly  according  to  the  Master  Mechanics’  recommendations. 
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In  tests  Nos.  900.26,  900.27  and  900.28  the  inside  stack  only 
had  conformed  to  these  recommendations.  With  this  Master 
Mechanics’  stack,  which  is  shown  in  Fig.  10,  tests  with  5J- 
inch  and  5J-inch  exhaust  nozzle  were  made,  tests  Nos.  900.29, 
900.30  and  900.31.  In  these  tests  it  was  observed  that  while 
the  cinders  were  all  blown  out  of  the  front  end  there  appeared 
to  be  a  higher  velocity  of  the  gases  through  the  restricted 
passage  under  the  edge  of  the  diaphragm,  than  would  be  nec¬ 
essary  for  this  purpose,  or  there  was  a  large  difference 
between  the  draft  front  and  back  of  the  diaphragm,  indicating 
that  too  great  a  resistance  to  the  passage  of  the  gases  was 
caused  by  the  length  of  the  diaphragm  plate.' 

40.  The  plate  was  then  cut  off  until  it  extended  but  7i 
inches  in  front  of  the  exhaust  nozzle  centre. 

41.  Tests  Nos.  900.32,  900.33  and  900.34  were  then  run 
and  in  the  table  below  the  resulting  draft  readings  are  given. 


Table  1. 

Draft  in  Front  End — Scalp  Level  Coal. 


Test 

No. 

Test 

Designation 

Front  End  Arrange¬ 
ment 

Draft  in 
Smokbbox 
Inches  of 
Water 

Difference  between  F 
and  B  in  Per  Cent.  ■ 

Diameter  of  Exhaust 

Nozzle 

Back  Pressure  in  Ex¬ 
haust  Pipe,  Pounds  per 
Square  inch. 

1 

Cinders  Collected  in 
Smokebox,  Pounds  per 
Hour, 

M.  P.  H. 

1 

Cut-off 

Throttle 

Front  of 
Diaphragm 

Back  of 
Diaphragm 

1 

1 

F 

B 

900.25 

37.65 

27 

Full 

Fig.  8 

4.9 

3.2 

34.7 

5% 

4.6 

0 

900.26 

37.65 

27 

Full 

Fig.  6 

4.8 

3.3 

37.5 

4.9 

0 

900.30 

37.65 

27 

Full 

Fig.  10 

5.3 

3.7 

30.1 

5% 

3.4 

0 

900.31 

37.65 

27 

Full 

Fig.  10 

4.8 

3.4 

29.1 

2.4 

0 

900.32 

37.65 

27 

Full 

Fig.  10 

5.2 

4.3 

17.3 

5% 

4/6 

48 

900.34 

37.65 

27 

Full 

Fig.  10 

5.0 

4.3 

16.0 

6% 

No  record 

No  record 

917 

37.65 

27 

Full 

Fig.  2 

7.7 

6.2 

19.5 

No  record 

492 

Tests  900.30  and  900.31  had  the  table  plate  extended  in.  ahead  of  the  exhaust  nozzle 
centre,  while  900.32  and  900.34  had  the  plate  7%  in,  ahead  of  the  nozzle. 


42.  While,  in  general,  as  has  been  explained,  the  draft 
indications  can  not  be  depended  upon  as  comparative,  it 
appears  from  these  figures  that  when  the  diaphragm  plate 
was  shortened,  just  before  test  No.  900.32,  that  there  was  a 
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marked  decrease  in  the  difference  between  the  draft  front  and 
back  of  the  diaphragm,  and  that  the  effective  draft, or  the 
draft  back  of  the  diaphragm  was  increased. 

43.  Test  No.  917  was  with  the  same  kind  of  coal  as  the 
others  (Scalp  Level),  but  with  the  old  form  or  standard  front 
end.  Fig.  2. 
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After  one  test  the  plate  was  shortened  to  734  inches  ahead  of  the  nozzle. 
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44.  In  test  No.  900.32  there  were  48  pounds  of  cinders  in 
the  smokebox,  indicating  that  the  plate  was  now  as  short  as 
it  could  be  made  for  self-cleaning. 
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Fig.  9. 

A  new  form  of  inside  stack  is  applied.  The  long  diaphragm  plate  is  retained  here.  Three 
diameters  of  nozzle  were  used. 


45.  The  smokebox  arrangement  was  then  made  as  shown 
in  Fig.  8,  the  standard  outside  and  inside  stack  being  substi¬ 
tuted  for  the  Master  Mechanics’  form.  A  netting  was  put  in 
with  this  arrangement. 
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46.  Up  to  this  time  the  netting  had  been  omitted  so  as  to 
simplify  operations  in  making  changes  in  the  front  end 
arrangement.  It  was  assumed  that  the  netting  would  have 
no  effect  upon  the  action  of  the  front  end,  except  to  break  up 
the  large  sparks,  and  this  was  confirmed  later  when  the  net¬ 
ting  was  applied. 
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Fig.  10. 

This  shows  the  Master  Mechanics’  stack  complete.  Two  lengths  of  diaphragm  and  two  diameters 
of  nozzle  were  used. 


47.  After  making  two  tests.  Nos.  900.36  and  900.37,  with 
this  arrangement  the  diaphragm  plate  was  raised  in  the 
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smokebox  as  shown  in  Fig.  11,  the  exhaust  nozzle  being 
lengthened  to  suit  the  new  height  of  diaphragm.  At  the 
front  edge  the  plate  measured  20^  inches  above  the  bottom  of 
the  smokebox.  With  the  diaphragm  in  this  position  the  loco- 
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Fig.  11. 

The  standard  stack  has  been  returned  to  place,  and  the  exhaust  pipe  lengthened. 

motive  steamed  well — test  No.  900.38 — but  there  were  225 
pounds  of  cinders  collected  in  the  smokebox  per  hour. 

48.  Without  moving  the  main  diaphragm  plate,  an 
inclined  plate  was  fitted  to  its  forward  edge.  This  plate  extended 
down  to  a  point  15^  inches  above  the  bottom  of  the  smokebox. 
The  area  of  opening  for  the  passage  of  gases  was  then  about 
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the  same  as  in  the  arrangement  shown  in  Fig.  8  and  it  was 
expected  that  the  results  would  be  the  same  as  with  the  whole 
diaphragm  in  the  lower  position,  but  from  the  test,  No.  900.39, 
with  this  design  it  is  evident  that  the  two  arrangements, 
while  giving  the  same  area  for  the  passage  of  gases,  are  by 
no  means  alike,  as  in  test  No.  900.39,  the  locomotive  did  not 
steam  well  and  there  were  76  pounds  of  cinders  collected  in 
the  smokebox. 

49.  It  would  appear,  then,  that  when  changes  are  made  in 
the  height  of  diaphragm  the  whole  plate  should  be  raised  and 
not  the  forward  edge  alone. 

50.  The  plate  without  the  movable  deflector,  presents,  for 
the  flow  of  gases,  a  passage  free  from  obstructions  or  abrupt 
changes  of  form,  and  it  is  probable  that  this  will  account  for 
the  better  results  had  with  it  than  with  the  plate  set  high  in 
the  smokebox  but  having  the  movable  edge  plate. 

51.  Following  still  further  the  idea  of  making  a  smooth 
and  direct  passage  for  the  gases  to  the  stack,  the  arrangement 
shown  in  Fig.  12  was  applied.  This  consists  of  a  conical  pipe 
from  the  tube  sheet  carried  forward  and  turning  upward  and 
connecting  at  its  smaller  end  directly  to  the  stack. 

52.  The  exhaust  nozzle  for  this  arrangement  was  made 
with  a  flared  tip  so  that  if  would  act  as  an  expanding  nozzle 
to  convert  the  pressure  energy  of  the  steam  into  velocity, 
without  loss,  in  that  way  obtaining  an  efficient  exhaust  jet. 

53.  Test  No.  900.40  was  made  with  this  apparatus.  It 
was  very  effective  in  discharging  cinders,  but  the  nozzle  was 
found  to  be  too  large  to  make  the  locomotive  steam.  The 
sparks  discharged  from  the  stack  were  at  a  red  heat  and  to 
break  up  these,  and  reduce  their  temperature,  a  netting  was 
put  in  the  pipe  back  of  the  exhaust  nozzle  and  the  nozzle 
reduced  in  diameter.  The  netting  could  not  be  very  large  in 
area  on  account  of  the  limited  space,  and  it  was  found  that 
the  area  of  the  openings  through  it  was  too  small  for  prac¬ 
tical  purposes. 

54.  Nothing  further  was  done  with  this  arrangement  as 
it  was  not  considered  of  value  if  a  netting  could  not  be  used 
in  it. 

55.  A  diverging  of  flared  tip  nozzle  was  again  tried  with 
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the  arrangement  shown  in  Fig.  13.  The  smallest  diameter  of  this 
nozzle  was  5J  inches,  with  a  taper  to  the  top  of  about  one  in 
six.  The  locomotive  did  not  steam  well  with  this  nozzle, 
though  the  back  pressure  below  the  nozzle  was  reduced, 
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Fig.  12. 

This  is  a  tapered  connection  between  the  tubes  and  stack.  It  did  not  give  satisfactory  results. 

test  900.47.  With  the  straight  nozzle,  the  back  pressure  was 
five  pounds  per  square  inch  while  with  the  tapered  nozzle  it  was 
two  pounds. 

56.  To  make  the  locomotive  steam  it  would  have  been 
necessary  to  further  reduce  the  nozzle  diameter,  but  as  it  was 
then  as  small  as  the  straight  nozzle  it  was  not  reduced  and  no 
further  trials  of  it  were  made. 
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Finai,  Tests. 

57.  After  the  preliminary  trials  of  the  various  devices 
that  have  been  described,  three  of  those  which  were  of 
greatest  promise  were  selected  for  further  tests.  These 
arrangements  are  shown  in  Figs.  14,  15  and  16. 
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Fig.  13. 

An  expanding  nozzle  and  the  Master  Mechanics'  inside  stack. 

58.  Fig.  14  shows  the  front  end  recommended  by  the 
Master  Mechanics’  Association  as  applied  to  the  E  class  loco¬ 
motive.  It  has  a  tapered  stack  with  a  wide-mouthed  inside 
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stack.  The  diaphragm  plate  is  without  perforations  and  is 
carried  down  and  forward  to  a  point  7i  inches  in  front  of  the 
exhaust  nozzle  centre.  The  edge  of  the  plate  is  at  a  point 
14f  inches  above  the  bottom  of  the  smokebox  and  the  area 
of  the  passage  for  the  gases  at  this  restricted  point  is  three- 
fourths  of  the  area  of  the  tube  opening  or  fire  area. 

59.  The  tests  with  these  three  arrangements  were  each 
of  two  hours  duration  at  160  revolutions  per  minute,  or  about 
36  miles  per  hour.  Tests  Nos.  900.41  to  900.44  were  run  at 
the  same  cut-ofif  with  full  throttle.  Penn  Gas  coal  was  used 
for  all. 

60.  The  results  of  these  tests  are  given  in  the  Tables  6 
and  8. 

61.  Good  results  were  obtained  with  each  of  these 
arrangements.  They  were  all  perfectly  self-cleaning  except 
for  a  slight  accumulation  of  cinders  on  the  horizontal  plate  of 
the  diaphragm. 

62.  There  was  some  difficulty  in  keeping  up  the  steam 
with  the  arrangement  Fig.  14,  test  No.  900.41,  but  it  will  be 
noted  that  the  boiler  horse-power  in  this  test  was  higher  than 
for  the  others. 

63.  Test  No.  900.44,  with  arrangement  Fig.  16,  shows  a 
better  evaporation  per  pound  of  coal  than  any  of  the  others 
and  it  was  thought^  all  things  considered,  that  this  was  the 
best  arrangement. 

64.  Another  test  was  then  run  with  it  to  develop  the 
maximum  boiler  capacity, — test  No.  900.45  at  160  revolutions 
and  32  per  cent,  nominal  cut-ofif,  and  this  test  was  run  without 
difficulty.  This  is  as  late  a  cut-ofif  as  can  be  run  with  the 
standard  front  end  at  this  speed,  and  as  with  the  arrange¬ 
ment,  Fig.  16,  the  nozzle  was  ^  inch  larger  in  diameter  than 
was  used  with  the  standard  arrangement,  it  is  to  be  presumed 
that  the  boiler  capacity  is  as  great  with  this  self -cleaning  front  as 
with  the  standard,  with  the  added  advantage  of  slightly  decreased 
back  pressure  in  the  cylinders  due  to  the  large  nozzle. 

65.  After  the  maximum  capacity  test  a  trial  was  made  at  a 
very  low  rate  of  working,  under  partial  throttle,  to  note  the  - 
efifect  of  such  conditions  on  the  quantity  of  cinders  collected  in 
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the  smokebox.  This  test,  No.  900.46,  at  a  speed  of  160  revolu¬ 
tions,  27  per  cent,  cut-off  and  the  steam  throttled  to  one-half  the 
boiler  pressure,  shows  practically  no  cinders  collected  in  the 
smokebox. 

Te:sts  with  Dittkre^nt  Firkmen. 

66.  To  show  that  the  results  obtained  with  this  self-cleaning 
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Fig.  14. 

The  Master  Mechanics' stack.  The  length  of  front  end  does  not  conform  to  the  Master  Me¬ 
chanics'  recommendations. 

front  were  not  due  to  good  firing  alone,  tests  Nos.  900.42  and 
900.43  with  the  arrangement  shown  in  Fig.  15  were  made  under 
precisely  the  same  conditions,  with  the  exception  that  test  No. 
900.42  was  fired  by  the  regular  Testing  Plant  fireman,  while  No. 
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900.43  was  fired  by  an  inexperienced  man  who  had  been  firing  but 
two  months  and  had  never  fired  this  class  of  locomotive. 

67.  The  results  of  these  tests  show  that  the  good  steaming 
of  the  locomotive  with  this  self-cleaning  front  can  be  obtained  by 
the  average  fireman,  but  they  also  show  that  the  inexperienced 
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Fig.  15. 

The  Master  Mechanics’  inside  stack  and  standard  outside  stack. 


man  may  use  as  much  as  750  pounds  of  coal  per  hour  over  the 
amount  actually  required. 

Self-Cleaning  Front  E3a  Class. 

68.  At  this  point,  after  tests  which  indicated  that  for  loco¬ 
motive  5266,  E2a  class,  the  self-cleaning  front.  Fig.  16  would  give 
the  best  results,  it  was  thought  best  to  determine  if  this  arrange- 
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merit  would  give  equally  good  results  if  applied  to  another  boiler 
of  the  same  class.  Locomotive  5266,  class  E2a  was,  therefore, 
removed  from  the  plant  and  put  into  road  service  equipped  with 
arrangement  Fig.  16  and  E3a  locomotive  2984,  fitted  with  the 
same  arrangement,  was  placed  on  the  plant. 
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Fig.  16. 

Tho  standard  stack  and  short  form  of  diaphragm  plate.  This  arrangement  was  satisfactory, 
except  for  cinders  collecting  on  top  of  diaphragm. 


69.  Test  No.  1001  with  locomotive  2984  gave  an  evaporation 
(17.7  pounds  per  square  foot  of  heating  surface)  that  was  practi¬ 
cally  the  same  as  obtained  with  locomotive  5266,  namely:  17.9 
pounds  equivalent  evaporation  per  square  foot  of  heating  surface 
per  hour.  The  locomotive  steamed  freely,  maintaining  a  fairly 
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uniform  boiler  pressure  and  there  were  no  cinders  in  the  smoke- 
box  except  a  small  quantity  on  the  horizontal  plate  of  the 
diaphragm. 

70.  This  test,  No.  1001,  did  not  appear  to  be  quite  up  to  the 
limit  of  boiler  capacity,  and  had  it  been  possible,  the  cut-off  would 
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Fig.  17. 

The  diaphragm  made  sloping  to  remove  cinders. 


have  been  extended,  but  it  was  found  for  this  locomotive  that  the 
friction  brakes  were  working  up  to  their  limit  and  no  more  power 
could  be  absorbed  by  them. 

71.  Another  test.  No.  1003,  was  then  made  with  this  arrange¬ 
ment  at  slightly  lower  power. 

72.  From  these  two  tests,  though  they  were  not  quite  up  to 
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the  maximum  evaporation  of  the  other  locomotive,  one  of  them 
was  but  two-tenths  of  a  pound  less  per  hour  and  it  is  clear  that- 
this  boiler  will  give  the  same  results  as  the  other  with  this  front 
end. 

73*  Modifications  of  the  diaphragm  were  then  taken  up  to 
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effect,  but  it  was  too  low  for  good  draft. 

make  it  of  such  a  shape  that  it  would  clear  itself  of  the  small 
quantity  of  cinders  which  had  been  collecting  on  it. 

74.  The  plate  was  made  sloping  where  in  the  earlier  form  it 
had  been  flat,  just  back  of  the  exhaust  nozzle.  The  sloping  form 
is  shown  in  Fig.  17.  This  modification  of  the  form  of  the  sheet 
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did  not  have  the  desired  effect,  for,  in  tests  Nos,  1003  and  1004 
with  it,  there  was  as  large  a  quantity  of  cinders  on  the  plate  as 
before  the  change. 

75.  The  inside  stack  was  then  lengthened  as  shown  in  Fig.  18 
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Fig.  19. 

This  arrangement  is  the  final  development  of  the  front  end  for  self-cleaning.  The  stack  is  the 
original  standard  for  the  E  engines,  except  that  the  inside  stack  is  longer.  The  diaphragm  plate  is 
without  holes  and  extends  inches  ahead  of  the  center  of  the  nozzle.  The  Fire  area  of  the  tubes  is 
5.26  sq.  ft.,  and  the  opening  for  gases  under  the  diaphragm  is  3.96  sq.  ft.  or  75%  of  the  fire  area. 


where  the  end  of  the  stack  is  inches  above  the  tip  of  the  nozzle. 
This  adjustment  had  the  desired  effect,  and  in  tests  Nos.  1005  and 
1006  the  cinders  were  practically  all  cleared  from  the  plate. 

76.  The  inside  stack  was  then  raised  as  in  Fig.  19,  to  a 
point  12  inches  above  the  nozzle,  to  find  the  highest  position  for 
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this  inside  stack  that  would  clear  the  plate  of  cinders.  Six 
shovelfulls  of  dry  cinders  were  put  on  the  plate  and  the  loco¬ 
motive  run  at  a  speed  of  about  120  revolutions  and  a  short  cut-off 
for  about  15  minutes,  when  the  cinders  were  all  removed ;  next, 
six  shovelfulls  of  wet  cinders  were  put  in  and  these  were  also 
cleared  from  the  plate. 

77.  A  test,  No.  1007,  was  then  made,  using  a  slack  coal  of 
very  small  size,  to  note  the  effect  of  the  self-cleaning  feature.  At 
the  end  of  this  test,  there  were  a  few  pounds  of  cinders  on  the 
plate  and  very  little  in  the  bottom  of  the  smokebox. 

78.  A  test  was  then  made.  No.  1006,  to  observe  if  the 
capacity  of  the  boiler  had  been  reduced  by  the  changes  that  had 
been  made.  This  test  gave  an  equivalent  evaporation  of  17.63 
pounds  per  hour  or  practically  the  same  as  in  test  No.  1001, 
with  the  arrangement  last  tried  on  locomotive  5266. 

79.  Locomotive  2984  was  then  removed  from  the  Plant  and 
went  into  road  service  equipped  with  the  device.  Fig.  19,  the  final 
form,  which  satisfied  the  conditions  of  good  steaming  and  self¬ 
cleaning. 

Table  2. 

Self-Cleaning  Front  Compared  With  Standard. 


Test 

No. 

Test 

Designatiox 

Duration  of  Test  Hours 

1 

Front  End  Arrangement  1 

1 

Boiler  Pressure,  Pounds 
per  Square  Inch 

Evaporation,  Dry  Steam, 
per  Square  Foot  of  Heat¬ 
ing  Surface. 

Pounds  per  Hour  Equiva¬ 
lent  Evaporation  per  Sq. 
Ft.  of  Heating  Surface. 

Equivalent  Evaporation 
per  Pound  of  Dry  Coal 

Coal  per  D.  H.  P.  Hour, 
Pounds 

Coal  Fired 

Cinders  Collected  in 
Smokebox, 

Pounds  per  Hour  i 

M.  P.  H. 

Cut-ofT 

j - — 

Throttle 

917 

37.65 

27 

Full 

3 

Fig.  2 

188.4 

12.24 

15.00 

7.25 

Scalp  Level 

492 

900.35 

37.65 

27 

Full 

1 

Fig.  8 

199.9 

12.25 

14.76 

7.28 

4.39 

Scalp  Level 

10 

900.36 

37.65 

27 

Full 

1 

Fig.  8 

198.6 

12.09 

14.54 

7.87 

4.13 

Scalp  Level 

10 

900.3 

37.65 

32 

Full 

2 

Fig.  2 

201.2 

15.04 

18.24 

7.01 

Ppnn  Gas 

326 

900.37 

37.65 

32 

Full 

1 

Fig.  8 

204.1 

15.08 

18.17 

7.39 

4.66 

Penn  Gas 

6 

900.45 

37.65 

32 

Full 

2 

Fig.  16 

199.5 

14.80 

17.89 

8.65 

4.00 

Penn  Gas 

0 

1001 

46.27 

25 

Full 

1 

Fig.  16 

199 

14.55 

17.73 

7.33 

4.30 

Penn  Gas 

0 

1008 

46.27 

25 

Full 

1 

Fig.  19 

202.7 

14.38 

17.63 

8.15 

4.02 

Penn  Gas 

0 

80.  In  Table  2,  some  of  the  results  of  the  tests  of  the  final 
form  of  the  self-cleaning  front  are  shown  in  comparison  with  the 
standard  front.  The  tests  are  in  two  groups,  those  with  Scalp 
Level  coal  being  made  at  a  shorter  cut-off  and  lower  evaporation 
than  those  with  Penn  Gas  coal. 
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THE  H6b  CLASS  CONSOLIDATION  TYPE  LOCOMOTIVE. 
The  type  of  locomotive  used  in  the  Front  End  tests. 
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SELF-CLEANING  FRONT  END  FOR  CLASS 
H6b  LOCOMOTIVE. 


Conclusions  and  Recommendations  on  page  53. 


INTRODUCTION. 

81.  The  H6  consolidation  locomotive  on  the  Lines  West  has 
had  for  some  time  a  self-cleaning  front  end  which  is  very  much 
like  that  developed  for  the  E  class,  and  a  number  of  locomotives 
were  equipped  with  the  device. 

82.  Several  other  front  end  arrangements  were  in  use  at 
different  places  on  the  Lines  East,  and  in  order  to  determine  the 
relative  merits  of  these  devices,  in  discharging  cinders,  a  series 
of  trials  were  made  on  the  Locomotive  Testing  Plant.  The 
locomotive  used,  was  an  H6b  class.  No.  2860. 

83.  As  the  trials  were  made  to  determine  the  relative  merits 
of  the  several  devices,  each  separate  device  was  not  taken  up  and 
developed,  as  may  have  been  possible,  so  that  it  would  give 
satisfactory  results.  The  tests  are  comparative,  as  nearly  as  they 
could  be  made,  and  the  same  kind  of  coal  was  used  in  all  of  them. 
As  the  result  of  these  trials  with  the  freight  locomotive,  a  satis¬ 
factory  self-cleaning  front  end  was  found  in  the  arrangement  as 
shown  in  Fig.  25. 

The  Standard  Front  End. 

84.  The  H6b  locomotive  when  designed,  had  a  front  end 
arrangement,  as  shown  in  Fig.  20,  and  this  has  been  a  standard 
on  both  the  H6a  and  H6b  classes.  It  is  in  no  sense  a  self-cleaning 
front  end,  although  some  sparks  are  discharged.  A  large  amount, 
however,  collect  in  the  smokebox  and  must  be  removed  at  the  end 
of  each  trip. 

85.  This  standard  front  end  has  a  deflector  plate  in  front  of 
the  tube  sheet,  the  purpose  of  which,  is  to  restrict  the  draft 
through  the  upper  rows  of  tubes  where  the  velocity  of  the  gases 
is  too  great,  unless  a  dampening  action  is  introduced  by  means  of 
such  a  flat  deflector. 
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86.  Automatic  cleaning  of  the  front  end  is  accomplished,  as 
has  been  explained  in  the  former  chapter,  by  creating  a  rapid 
motion  of  the  gases  through  the  smokebox  by  restricting  the  area 
of  the  passage  below  the  diaphragm  plate. 

Front  End  with  Baffle  Plate. 

87.  One  means  of  creating  this  rapid  flow  of  gases  has  been 
'  tried  on  the  Lines  East  with  an  arrangement  like  that  shown  in 

Fig.  22,  this  arrangement  has  an  inclined  plate  covering  the  whole 
area  of  the  smokebox  at  the  front  end,  and  the  gases,  flowing 
under  the  edge  of  the  deflector  plate,  are  somewhat  restricted  by 
this  baffle  plate  and  sparks  are  carried  out  of  the  stack. 

The  B.  &  A.  V.  OR  Buffalo  Self-Cleaning  Front  End. 

88.  The  front  end  arrangement  shown  in  Fig.  23  is  one  that 
has  been  in  use  on  the  B.  &  A.  Division.  It  is  not  unlike  the 
front  end  developed  for  the  E  class,  but  it  differs  in  having  a 
high  exhaust  pipe,  with  the  nozzle  set  high  in  the  smokebox. 

Erie  Division  or  Sunbury  Self-Cleaning  Front  End. 

89.  A  self-cleaning  front  end,  developed  and  used  on  the 
Erie  Division,  is  shown  in  Fig.  24.  This  has  the  high  exhaust 
pipe  as  in  Fig.  23,  and  in  addition  it  has  a  more  complete  di¬ 
aphragm  plate,  with  an  inclined  front  edge.  Instead  of  the  inside 
stack,  as  in  the  other  front  end,  this  one  has  two  “petticoat”  pipes 
with  an  opening  between  the  top  one  and  the  stack  base. 

Self-Cleaning  Front  End  as  Designed  and  Used  on  The 

Lines  West. 

90.  This  front  end.  Fig.  25,  is  much  like  the  design  worked 
out  for  the  E  class  passenger  locomotive  but  adapted  to  the  H6b 
class.  It  has  a  solid  diaphragm  plate,  extending  from  the  tube 
sheet,  downward  and  forward  across  the  exhaust  nozzle,  which 
is  set  low  in  the  smokebox.  The  edge  of  the  plate  is  6}  inches 
in  front  of  the  exhaust  nozzle  centre.  The  inside  stack,  or  lift 
pipe,  is  extended  to  a  point  15 J  inches  above  the  exhaust  nozzle. 

91.  Each  of  these  arrangements  was  in  turn  applied  to  an 
H6b  class  locomotive,  and  a  series  of  trial  runs  made.  The  front 
ends  which  gave  poor  results  were  not  further  adjusted,  but  the 
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LOCOMOTIVE: 

TYPE  Sf— O 

CLASS  No.2&<90 


Pennsylvania  Railroad  Company 


Phii.adxlpkia,  Baltimore  <&  Wasbinoton  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  &  Seashore  Railroad  Company 

TEST  DEPARTMENT 


Sheet  No. 


Swt_we*ri«H  No.  9 . 

. Altoona,  Pa.,^— 


\1.— 


^  fUlfi 


5r 


STASIS*  OAS.KO 


HKI  T»*4«r 


Sheet  No.. 


Fig.  20. 

The  standard  front  end  arrangement  for  the  H6b  freight  locomotive.  There  is  a  perforated 
deflector  in  front  of  the  tube  sheet.  This  deflector  has  an  adjustable  edge.  A  netting  covers  the 
holes  in  the  deflector  plate.  This  arrangement  is  not  self-cleaning  and  the  cinders  must  be  taken 
out  after  each  trip. 
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Fig.  21. 

GENERAL  ARRANGEMENT  OF  H6b  CLASS  LOCOMOTIVE. 


The  Locomotive  used  in  the  Tests. 


LEADING  DIMENSIONS  OF  LOCOMOTIVE 

(H6b  CLASS) 


Total  weight,  pounds..... .  198,267 

Weight  on  drivers,  pounds .  176,600 

Cylinders  (simple),  inches .  22x28 

Diameter  of  drivers,  inches .  56 

Fire-box  heating  surface,  square  feet .  166.4 

Heating  surface  in  tubes  (water  side),  square  feet .  2,673.68 

Total  heating  surface  (based  on  water  side  of  tubes), 

square  feet . : . .  2,839.74 

Total  heating  surface  (based  on  fire  side  of  tubes), 

square  feet .  2,505.29 

Grate  area,  square  feet .  48.66 

Boiler  pressure,  pounds . 205 

Valves  . Piston 

Valve  motion . Walschaerts 

Fire-box,  type .  Belpaire 

Number  of  tubes . 373 

Outside  diameter  of  "tubes,  inches .  2 

Length  of  tubes,  inches . 1..  164.28 
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Fig.  22. 

Front  end  with  baffle  plate.  This  front  end  is  the  same  as  Fig.  20,  but  with  a  plate  added  covering 
the  whole  area  of  the  smokebox  in  front  of  the  exhaust  nozzle.  The  plate  makes  the  front  self¬ 
cleaning. 
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LOCOMOTIVE 

Pennsylvania  Railroad 

Company 

TYPE 

CLASS 

TEST  DEPARTMENT 

NUMBER  ‘2.^60 

LOCOMOTIVE  Testing  Plant 

SUBJECT  SeiL-! 

F"  Cv.eiPstM\»sGp  F‘«oht 

ALTOONA  PA^— l-ISlO 

s 

\ 

/ 
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Fig.  23. 

A  front  end  arrangement  developed  and  used  on  the  B.  d  A.  V.  Division. 
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LOCOMOTIVE  Pennsylvania  Railroad  Company 

TYPE 

CLASS  H^S  DEPARTMENT 

NUMBER  aaao 

Locomotive  Testing  Plant 
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Fig.  24. 

A  front  end  arrangement  developed  and  used  on  the  Erie  Division. 
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Fig.  25. 

A  front  end  arrangement  developed  and  used  on  the  Lines  West, 
and  easily  applied.  It  gave  the  best  results  of  any  tested. 


This  arrangement  is  simple 
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results  were  accepted  as  showing  the  general  performance  of  the 
front  end  being  tried.  No  efficient  means  of  collecting  the  cinders 
discharged  from  the  stack  was  available  at  the  time  of  the 
tests,  so  the  only  measureinent  of  cinders  that  could  be  made 
was  of  those  remaining  in  the  smokebox. 

92.  The  coal  used  was  Jamison  run-of-mine,  a  high  volatile 
coal  which  has  been  used  to  a  considerable  extent  on  the  Loco¬ 
motive  Testing  Plant  with  this  class  of  locomotive.  It  is  a  bitu¬ 
minous  coal  of  fair  quality  and  contains  a  considerable  amount  of 
small  size  material,  which  is  discharged  as  sparks.  It  is  not, 
however,  in  this  respect,  like  the  low  volatile  friable  coals  which 
form  a  much  larger  quantity  of  sparks. 

93.  Five  or  more  tests,  from  one  to  two  hours  each,  were 
run  with  each  front  end,  and  the  results  are  shown  in  Tables  10 
to  14.  A  general  summary  of  the  results  for  a  test  at  about  the 
maximum  evaporation  for  each  of  the  front  ends  is  shown  in 
Table  15. 

Table  15. 


i 

Front  End  Arrangement 

Test 

No. 

Test 

Designation 

Average 

Boiler 

Pressure 

Actual  Evaporation  of  | 
Water  per  Hour 

i 

Equivalent  Evaporation  per' 
Square  Foot  of  Heating 
Surface. 

Draft  in 
Smokebox 
Inches  of 
Water 

Dry  Coal,  Pounds  per 

D.  H.  P. 

Cinders  Collected  in  Smoke¬ 
box,  Pounds  per  Hour 

M.  P.  H. 

Cut-off 

L  .. 

Throttle 

Front  of 
Diaphragm 

Back  of 
Diaphragm 

Fig.  25... 

1200.446 

19.2 

45 

F 

204.9 

33722 

16.4 

6.8 

4.9 

5.37 

17 

Fig.  22... 

1200.427 

19.3 

45 

F 

201.6 

32438 

15.8 

5.7 

5.1 

4.87 

29 

Fig.  23... 

1200.448 

19.2 

45 

F 

188.3 

31208 

15.2 

5.1 

4.9 

5.56 

136 

Fig.  24... 

1200.440 

19.2 

45 

F 

178.9 

29820 

14.5 

5.0 

4.0 

4.68 

11 

*Fig.  20... 

1200.366 

19.4 

45 

F 

192.0 

33891 

16.2 

6.9 

6.1 

5.13 

375 

*  No  test  made  at  this  rate  with  Jamison  coal  and  standard  front  end.  The  coal  used 
in  this  test  wa.s  similar  to  Jamison. 


94.  The  test  of  the  arrangement.  Fig.  25,  shows  an  average 
boiler  pressure  of  204.9  pounds,  an  evaporation  of  33,722  pounds 
of  water,  or  an  equivalent  evaporation  of  16.4  pounds  per  square 
foot  of  heating  surface.  The  draft  in  the  smokebox  was  6.8 
inches  of  water,  and  the  cinders  collected  were  17  pounds  per 
hour.  In  the  test  of  arrangement.  Fig.  22,  it  will  be  noted  that 
the  steam  pressure,  the  evaporation  and  draft  in  the  smokebox 
are  less,  while  the  cinders  collected  are  29  pounds  per  hour.  The ' 
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arrangement,  Fig.  23,  shows  a  still  lower  pressure  and  evapora¬ 
tion  and  136  pounds  of  cinders  collected  per  hour.  The  arrange¬ 
ment,  Fig.  24,  shows  a  still  lower  pressure,  evaporation  and  draft, 
but  it  shows  a  very  small  quantity  of  cinders  collected. 

95.  It  will  be  noted,  however,  from  Table  14,  that  this  is  an 
exceptionally  small  quantity  of  cinders  for  this  front  end.  Table 
9  brings  out  the  fact,  that  while  this  front  end  shows  fair  results 
in  quantity  of  cinders,  at  the  same  time  it  shows  very  poor  results 
in  steaming. 

96.  The  results  of  the  tests,  showing  coal  fired  and  cinders 
collected  in  the  front  end,  are  illustrated  in  Fig.  26. 

97.  The  standard  front  end,  as  would  be  expected,  shows  the 
largest  quantity  of  cinders  collected.  The  Buifalo  arrangement 
appears  to  be  a  little  better  than  the  standard  front  end,  which  is 
not  self-cleaning.  The  Sunbury  front  end  is  better  than  the 
Buffalo  front.  The  baffle  plate  arrangement  comes  next  in  quan¬ 
tity  of  cinders  collected,  while  the  Lines  West  front.  Fig.  25, 
shows  the  best  results  of  all,  with  it,  there  is  formed  a  small  bank 
of  cinders  in  front  of  the  exhaust  pipe,  but  as  this  bank  does  not 
grow  to  a  large  size  the  front  is  self-cleaning  for  all  practical 
purposes. 

98.  The  Lines  West  front  end  shows  also  the  best  evapora¬ 
tion.  While  Table  9  gives  an  evaporation  of  33,722  pounds  per 
hour  for  this  front  end,  the  locomotive  was  actually  forced  to  an 
evaporation  of  34,256  pounds  per  hour  with  this  arrangement. 
The  average  boiler  pressure  in  this  latter  test  was,  however,  191.1 
pounds,  indicating  that  the  limit  of  boiler  capacity  was  reached 
or  exceeded. 

99.  The  Buffalo  and  Sunbury  front  ends  would  not  be  dif¬ 
ficult  or  expensive  to  apply.  This  does  not  seem  to  be  the  case, 
however,  with  the  baffle  plate  arrangement.  Fig.  22.  It  has  all  of 
the  parts  of  the  original  standard  front  end,  with  the  baffle  plate 
added.  This  baffle  plate  has  a  manhole  in  it  to  be  used  to  enter 
the  smokebox  for  examination.  The  other  front  arrangements 
can  be  examined  by  opening  the  smokebox  door,  while  with  this 
baffle  plate  the  inside  manhole  plate  must  be  removed. 

100.  Having  eliminated  the  other  front  ends  for  the  reasons 
as  given,  we  have  remaining,  the  Lines  West  arrangement.  Fig.  25. 
This  is  a  simple  and  practical  front  end  which  gives  good  results 
in  both  steaming  and  self-cleaning. 
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Fig.  26. 

Cinders  remaininfl  in  smokebox  and  coal  fired  per  hour  This  diagram  shows  how  nearly  the 
different  arrangements  are  completely  self-cleaning.  The  Buffalo  and  Sunbury  fronts  are  little 
better  than  the  standard,  which  is  not  self-cleaning. 
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Conclusions  (E  Class). 

101.  A  front  end  arrangement  has  been  developed  for  the 
E  class  locomotive,  which  while  self-cleaning,  maintains  the  boiler 
capacity  or  maximum  evaporation  fully  equal  to  that  with  the 
standard  front  end  arrangement  formerly  used. 

102.  With  friable  coals,  where  large  quanties  of  cinders  are 
formed,  the  boiler  capacity  will  be  increased  on  long  runs,  on 
account  of  the  smokebox  being  kept  clear  of  cinders  which  would 
obstruct  the  draft. 

103.  The  outside  and  inside  stacks  as  now  used  on  this  class 
of  locomotive  appear  to  give  better  results  than  can  be  obtained 
with  the  form  recommended  by  the  Master  Mechanics’  Commit¬ 
tee,  and  it  is  thought  advisable  to  retain  them. 

104.  The  diaphragm  plate  may  be  located  at  the  proper 
height  to  produce  the  cleaning  effect  desired  without  causing  any 
difficulty  with  the  burning  of  the  fire.  (Paragraphs  29  to  31.) 

105.  The  best  results  were  obtained  when  the  passage  for  the 
gases,  under  the  diaphragm,  was  smooth  and  free  from  abrupt 
changes  of  form. 

106.  The  inclined,  adjustable,  diaphragm  plate,  often  used, 
was  found  to  cause  an  obstruction  to  the  flow  of  gases  and  is 
undesirable.  In  the  experiments,  the  height  of  the  whole  horizon¬ 
tal  plate  of  the  diaphragm  was  varied  and  the  final  position 
recommended  is  suitable  for  any  locomotive  of  this  class  and 
means  for  adjustment  is  not  considered  necessary. 

107.  The  front  end.  Fig.  19,  giving  the  best  results  is 
arranged  as  follows :  The  diaphragm  plate  has  no  holes  in 
it,  it  extends  forward  7^  inches  beyond  the  centre  of  the 
exhaust  pipe,  and  the  forward  edge  is  14f  inches  above  the 
bottom  of  the  smokebox  at  the  centre.  The  lower  end  of  the 
stack  is  12  inches  above  the  exhaust  nozzle.  A  5|-inch 
exhaust  nozzle  is  used. 

R^:comme:ndations  (E  Class). 

108.  The  front  end  arrangement  shown  in  Fig.  19  is  the 
final  development,  and  is  recornmended  as  the  one  giving  the  best 
results. 
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109.  The  front  end  arrangement  is  of  sufficient  importance 
in  the  steaming  of  the  locomotive  to  have  a  periodic  inspection 
for  correct  location  of  parts,  and  we  recommend  that  such  an 
inspection  be  made  at  the  time  of  the  hydrostatic  test  of  the  boiler. 
A  blank  form  should  be  provided  to  be  filled  in  with  the  diameter 
of  the  exhaust  nozzle  and  the  actual  dimensions  of  the  essential 
parts  of  the  arrangement. 

110.  New  locomotives,  of  this  class,  or  locomotives  under¬ 
going  extensive  repairs  should  have  applied  the  front  end  as 
shown  in  Fig.  19. 

Conclusions  (H6b  Class). 

111.  Two  of  these  front  ends,  the  Buffalo  and  Sunbury,  are 
scarcely  to  be  considered  as  self-cleaning,  and  the  Sunbury  front 
with  its  petticoat  pipe  is  a  very  poor  steaming  arrangement. 
(Paragraphs  95  and  97.) 

112.  The  baffle  plate  front  end  gives  fair  results  in  dis¬ 
charging  cinders  and  in  steaming,  but  its  extreme  complication 
is  very  evident. 

113.  The  Lines  West  front  gave  very  satisfactory  results  in 
steaming  and  cleaning.  It  is  a  simple  and  practical  arrangement. 

Recommendations  (H6b  Class). 

% 

114.  We  recommend  that  in  new  work  or  in  extensive  repair 
work  on  smokeboxes  of  the  H6a  and  H6b  classes  that  the  arrange¬ 
ment  shown  in  Fig.  25  be  applied,  for  the  reason  that  it  makes  a 
better  steaming  locomotive  at  all  times,  and  prevents  failures, 
caused  by  the  filling  with  cinders  and  burning  out  of  the 
smokebox. 

C.  D.  YOUNG, 

Engineer  of  Tests. 

Approved  : 

J.  T.  WALLIS,  ' 

Genl.  Supt.  Motive  Power. 

Test  Department, 

Altoona,  Penn  a., 

August  31,  1912. 
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M.  P.  8Q4A 
RxioK 

Pennsylvania  Railroad  Company 

LOCOMOTIVE: 

TYPE . 

CLASS  .1?.® . . .  . 

NUMBER  Average  Results  of  Locomotive  Tests 

SUBJECT: . I^li’-Qloaning  J?!ront  End  .  Altoona,  Pa., 


T  t  MOT 


Philadatphia.  Baltimora  d.  Waihington  Railroad  Company 
Northarn  Cantral  Railway  Company 
Watt  Jartay  &  Seathora  Railroad  Company 

TEST  OEF»AF»TIVIEr»JT 


Bulletin  Ho  a  5 

TEST  N08.,900«25  to 
900.47 . 

0~9-.07 


1 

2 

14 

16 

18 

IT 

18 

19 


20 

21 

22 

23 

24 
26 
26 

27 

28 


40 

41 

42 

43 

44 
46 
48 
4T 

48 

49 

60 
6  1 
68 

69 
66 
er 

70 

71 


DRiviNa  Wheels 
Number  of  Pairs _ 


JBO 


Approx.  Diameter,  inches 

Engine  truck  Wheels 

Number - - -  ...  4  _ 

Diameter,  inches _ 36-- 

Trailinq  Wheels 

Diameter,  inches _  _BQ 

Wheel  base,  feet 

Driving  Wheel  Base_ . __-7..42 

Total  Wheel  Base _  3Q«6S 

Gage  of  Wheels _ Sfi.13  - 

WEIGHT  OF  ENGINE  WITH  WATER 
AT  20.  GAGE  COCK  AND  NORMAL 
FIRE.  POUNDS 

OnTruck _ _ -  -  37167- 

“  1st  Drivers _  53334 

*  2d  '■ _ 66667__ 

“  3d  “ _ 

“  4th  “ _ 

“  5th  “ _ rrrrr- 

“  Trailers _ 

Total _ 


37000 

164167- 

uoooo 


“  on  Drivers _ 

Cylinders 

Diam.  and  Stroke,  H.  P  20.6  X  26 
-  “  “  L.  P  — 


CLEARANCE  IN  PER  CENT.  OF  PISTON 
DISPLACEMENT 

H.  P.  Right,  Head  End _ 12*7 

“  -  Crank  “ _ 12*1_ 

'  Left.  Head  “  _ 12*4_ 

*  “  Crank  “  _ 11*9__ 

L.  P.  Right,  Head  “  _ — — 

*  “  Crank  “ _ _ _ 

*  Left,  Head  “  ~=-_ 

*  ‘  Crank  “ _ 

RECEIVER,  Cubic  Feet 

Volume  Right  Side _ 

•  Left  “ _ 


Steam  Ports,  inches 

H.  P.  Admission,  Length _ 19.67 _ 

"  •  Width _ 1*46- 

L.  P.  *  Length  — ~rr. 

•  '  Width _ 

H.  P.  Exhaust,  Length _ 19.64 

•  “  Width _ 2.96 

L.  P.  •  Length _ TTr.  . 

•  •  Width  - 


74 

T6 


78 

80 

82 

83 

84 
86 

86 

88 

90 

94 

96 

102 

113 

114 

116 

116 

118 

119 

124 

126 

126 

128 

132 

133 
137 


144 

146 

146 


Piston  rods.  Diameter 
inches 

High  Pressure _ 3*615 

Low  “  _ _ 


Tail  rods.  Diameter, 
Inches 

High  Pressure _ 

Low  “ _ _ _ rr 


Valves 

TypeDouble  Ported  b 

Design  Anar  loan  Bal,  Valve  C< 

Per  Cent.  Balanced _  76*7  - 

Type  of  Valve  Motion  flfcariihBTifi ah 
Greatest  Valve  travel 

High  Pressure,  inches _ 7,Q 

Low  *  “  _ 

Outside  Ijip  of  Valve 
High  Pressure,  inches  1^ 

Low  “  “ _ _ 


Inside  lap  of  valve 
High  Pressure,  inches 

Low  •  '  _ 


Boiler 

Type  Belpalre  Wide  Fire  bcttc 

Outside  Diam.  1st  Ring _ 67,0 

Tubes 

Number _ 31iL 

Outside  Diam.,  inches  - 2PL 

Pitch  *  _ 2,  APR 

Length  Between  Tube 

Sheets,  inches _ 

Total  Fire  Area,  sq.  ft._ 

Boiler  Pressure,  pounds  _ 


179*78 
_ 5*26 

20S 


Superheater 

Number  of  Tubes _ 

Outside  Diam.  “  inches _ 

Length  of 


Firebox,  inside,  inches 

Length - 114*0 

Width _  6fi,n 

Air  Inlets  to  Ashpan, 

sq.  ft. - - — ^ — 6*3 


Grates 


164 

166 

156 

167 

•168 

169 


160 

161 

162 

163 

167 

168 
169 


171 

172 

173 
1T4 


Grate  Area,  sq.  ft. _ 

Area  of  Dead  Grates . 


-6*a 


heating  Surface, 
Square  feet 


Of  the  Tubes,  Water  Side 
“  “  “  Fire  “ 

“  “  Firebox,  “  “  _ 

“  •  Superh’r,  “  *  _ 

Total,  Based  on  “  “ 

m  m  m  u  u 

of  Firebox  and 
Waterside  of  Tubes. 


2471.04 

2162,40 

156.86 

2319*26 


„^2627»90 


338.6 

-109*9. 


boiler  Volume 

WITH  WATER  SURFACE  AT  LEVEL 
OF  20  GAGE  COOK 

Water  Space,  cu.  ft. 

steam  “  “  “ _ _ 

Exhaust  Nozzle 

Double  or  Single _ Single  .. 

Size,  inches _  _ _ r. 

.  .  .  u.oZu 

Area,  sq.  inches _ 24,66- 

REVERSE  LEVER 

H.  P.  Notches  Forward  of  Center  -  16_. 

L.  P.  Notches  Forward  of  Center _ 

Ratios 

Heating  Surface  Cl58)  to 

Grate  Area  (145)  _  _  41,79 

Fire  Area  Thru  Tubes  v119) 

to  Grate  Area  (145)  _  *09 

Firebox  Heating  Surface  (156) 

to  Grate  Area  (145)  3*83— 

Tube  Heating  Surface  (155) 
to  Fire  Box  Heating 
Surface  (156)  13,79 


•USED  IN  OALOULATIONS 


Table  3. 

Dimensions  of  E2a  locomoUve  5266. 
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M.  F-  394  A-fiixtl>  Sheet 

Pennsylvania  Railroad  Company 

LOCOMOTIVE: 

TYPE 

CLASS  "BZfL 

NUMBER  6266  Average  Results  of  Locomotive  Tests 

SUBJECT  :  Front  ibd  Trials  Altoona,  Pa., 9-9-1907 


1 1 -9-10 


Phiisdtiphia,  Baltimore  &  Weahington  Railroad  Company 
Northern  Central  Railway  Company 
Watt  Jeraey  &  Seashore  Railroad  Company 

“TESX  OEPARTMENX 


FUEL  -.Sealp  Level 
and  Penn  Oao  Coal 


TEST 

NUMBER 

RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Teet, 

Hours 

Miles 

per 

Hour 

Throttle 

Opening, 

Full  or 
Partial 

Actual 

Cut-off 

Per  Cent,, 

H.  P. 
Cylinders 

Draft 

In 

^reboz 

Pressure 

In  Boiler, 
Lbs.  per 

Sq.  Inch 

Draft 

In 

Smoke  Box, 
Inches 
of  Water 

Draft 

In 

Ash  Pan, 
Inches 
of  Water 

Caloiific 
Value 
of  Dry 

Fuel, 

B.T.U.perLb. 

Cinders 

Collected  in 

Smoke  Box, 

Pounds 
per  Hour 

1.  P.  M.  Cut  ett  Throttle 

196 

199 

203 

268  to  271 

21 T 

222 

226 

248 

23B 

917 

160-27-P 

3,0 

38,20 

mi 

2,1 

188,4 

7,7 

0,3 

16167 

492 

900,3 

16G-32-r 

2,0 

37,66 

« 

2,6 

201.2 

8,3 

0,2 

14360 

326 

900,26 

160-27-r 

1.6 

37,65 

» 

1.2 

179,2 

4.9 

0.2 

15402 

0 

900,26 

160-27-? 

1.0 

37,65 

1.1 

181,4 

4,8 

0,2 

15402 

0 

900,28 

160.26-F 

2,0 

37,66 

1.2 

199.0 

5,0 

0.2 

15402 

0 

900,29 

160-30-P 

1.0 

37,66 

m 

1.6 

173.3 

5,6 

0,2 

15402 

0 

900,30 

160-27-r 

1.0 

37,65 

M 

1.5 

186,9 

5,3 

0.2 

15402 

0 

900,31 

160-27-P 

1.5 

37.66 

tl 

1.3 

176,7 

4.8 

0,2 

15402 

0 

900,32 

160-27-P 

1.0 

37,66 

m 

1.4 

195.1 

5.2 

0.2 

15002 

48 

900,33 

160-32-P 

1.0 

37.66 

ft 

2,6 

179.0 

6.8 

0,2 

14229 

26 

BOILER  performance 


ENGINE  PERFORMANCE 


TEST 

NUMBER 

Dry  Fuel 
Fired 
per  Hour, 
Pounds 

Dry  Fuel 
per  Hour. 
Pounds  per 

Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

PROW  AND  AT  212°  F.,  POUNDS 

Boiler 

Horse 

Power 

(34i;iJ.of  E.i 

EflRciency 
of  Bollor, 
Based 
on 

Fuel 

Draft 

Baok 

Of 

Dlatliu 

Per 

Ho'Jr 

Per  Hour 
per  Sq.  Ft. 

of  Fire 

Heat  ng  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

345 

347 

349 

350 

917 

4802 

86,53 

28670 

34793 

15,00 

7.25 

1008,5 

46.17 

6,2 

900,3 

6039 

106,81 

35232 

42305 

18,24 

7,01 

1226,3 

47.16 

4,2 

900,25 

3749 

67,55 

25115 

29866 

12,88 

7,97 

865,7 

49,96 

3,2 

900,26 

4116 

74,14 

26296 

31268 

13,49 

7.60 

906,9 

47,66 

3,3 

900,28 

4169 

75,13 

26182 

31236 

13.47 

7,49 

905,4 

46.97 

3,3 

900.29 

4392 

79,14 

28243 

33677 

14,46 

7.65 

975.3 

47,97 

4,0 

900,30 

4462 

60.40 

27270 

32552 

14.03 

7,29 

943,0 

46,71 

3.7 

900,31 

3903 

70.32 

25797 

30707 

13,24 

7,87 

890,1 

49,35 

3,4 

900,32 

4446 

80,11 

27990 

33362 

14,38 

7.50 

967.0 

47,03 

4,3 

900,33 

8825 

104,96 

31613 

37627 

16,22 

6,46 

1090,7 

43,85 

=SaS= 

Presjure 

in 

Branch  Pipe, 
Pounds 
per  Sq  In. 


Superheat 

In 

Branch 

Pipe 

Degrees  F. 


I  220 


230 


ENGINE 

PERFORMANCE 

LOCOMOTIVE  PERFORMANCE 

TEST 

Dry  Steam 

Indicated 

Dry  Fuel 
per 

Dry  Steam 
per 

Front 

Drawbar 

Dynamometer 

Dry  Fuel 
per 

Dry  Steam 
per 

Machine 

Efficiency 

Thermal 

Efficiency 

E^diavst 

NUMBER 

Engines, 

Horse 

Indicated 

Horse 

Indicated 

Horse 

End 

Pull, 

Drawbar 

Dynamom. 

Horse 

Dynamom. 

Horse 

of 

Locomotive, 

of 

LecewaMM, 

HOBSle 

per  Hour 

Power 

Power  Hour, 

Power  Hour, 

Pounds 

Power 

Power  Hour, 

Power  Hour, 

Per  Cent. 

perCeM., 

Diameter 

Pounds 

Pounds 

Pounds 

Pounds 

dated  oeFuel) 

214 

379 

380 

381 

265 

383 

384 

385 

398 

399 

917 

Fl«,2 

8767 

892,1 

5,38 

31,34 

3A0 

5,625 

900,3 

•  £ 

10535 

1193,6 

5,06 

29,2 

3,5 

5,625 

900,25 

•  8 

8684 

872,0 

4,30 

28,51 

3,64 

5.625 

900,26 

•  9 

8786 

882,2 

4,66 

28,50 

3.55 

5,625 

900,28 

•  9 

8926 

896,3 

4,65 

28,89 

3,55 

6,760 

900,29 

10 

9970 

1001,2 

4,39 

27,92 

3,76 

5,760 

900,30 

4  10 

9529 

956,9 

4,66 

28,21 

3,55 

6.760 

900.31 

*•  10 

8927 

896,4 

4,36 

20,49 

3,00 

5,825 

JJL 

mij 

J:t 

27.06 

25,84 

3,61 

5,760 

^^750 

Table  4. 

Results  of  front  end  tests,  E2a  class  locomotive. 
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^  P.  89*  A— Sixth  Sheet 
8  X  loK 

LOCOMOTIVE : 
TYPE 
CLASS 
NUMBER  . 


Pennsylvania  Railroad  Company 

Philadtlphtt,  8tl<imor«  &  Wtihington  Rtilroad  Company 
Northern  CtMrtI  Railway  Company 
Wtftt  Jartay  &  Saathoro  Railroad  Company 

TESX  DERARTMENT 


11 -••lO 


FUEL  :  Peim.  Gao  and 

Scalp  Iteyal  Coal 


Average  Results  of  Locomotive  Tests 


SUBJECT :  Tront  Bnd.Srla^^ 


Altoona,  Pa.,  Sr-S-ISQ? 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 


TEST 

DESIGNATION 


Duration 

«f 

Tuut, 

Noun 


Milas 

par 

Hour 


Throttia 
Opening, 
Full  or 
Partial 


Actual 
Cut-afT 
Par  Cant, 
H.  P. 
Cylinders 


Draft 

In 

i'lrebox 


Pressure 
In  Boiler, 
Lbs,  par 
Sq.  Inch 


Draft 

In 

Smoke  Box, 
Inches 
of  Water 


Draft 

In 

Ash  Pan, 
Inches 
of  Water 


CalorlAc 
Value 
of  Dry 
Fuel, 

B.  T.U.perU 


Cinders 
Collocted  In 
Smoke  Box, 
Pounds 
ptr  Hour 


I.  P.  M.  Cat-etf  TbrsHIt 


196 


199 


203 


26B  to  271 


217 


222 


225 


248 


238 


900.35 

900.36 

900.37 
900.36 
900*39 
900.40 


160-2T-F 

160-27-F 

160-32-F 

160-27-F 

160-27-F 

160-27-F 


1.0 

1.0 

1.0 

1.0 

1.0 

0.5 


37.65 

37.65 

37.65 

37.66 

37.65 

37.66 


Poll 


ft 

V9 


1.4 

1.4 

2.9 

1.6 

1.4 

1.2 


199.9 

198.6 
204.1 
200.4 
184.3 

172.6 


6,6 

6.3 

9.6 
6,9 
6,0 

4.6 


0.3 

0,3 

0,3 

0,3 

0,3 

0.2 


15402 

15402 

14233 

15402 

15402 

15402 


10 

10 

6 

255 

76 

0 


BOILER  PERFORMANCE 


ENGINE  PER 


FORMANCE 


TEST 

NUMBER 


Dry  Fuel 
Fired 
per  Hour, 
Pounds 


Dry  Fuel 
per  Hour. 
Pounds  per 
Sq.  Ft.  of 
Grate 


Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 


EQUIVALENT  EVAPORATION 
FROM  AND  AT  2120  F.,  POUNDS 


Per 

Hour 


Per  Hour 
per  Sq.  Ft. 

of  Fire 
Heating  Sur. 


Per 

Pound 

of 

Dry  Fuel 


Boiler 

Horse 

Power 

(34HU.ofE.) 


Efficiency 
of  Boiler, 
Based 
on 
Fuel 


Draft 

Back 

of 


Pressure 

In 

Branch  Pipe, 
Peuadt 
per  Sq.  In. 


Superheat 

In 

Branch 

Pipe 

Degrees  F. 


338 


339 


340 


344 


345 


347 


349 


360 


220 


230 


900.35 

900.36 

900.37 

900.38 

900.39 

900.40 


4702 

4285 

5702 

4206 

4478 


84.72 

77.21 

102.74 

75.78 

80.68 


28693 

28318 

36326 

29201 

26430 


34243 

33717 

42141 

34840 

31502 


14,76 

14,54 

18,17 

16.02 

13.58 


7,28 

7,87 

7,39 

8.26 

7,03 


992.6 

977,3 

1221.5 

1009,9 

913.1 


45.65 

49,35 

50.15 

31.92 

44.08 


4.6 

4.6 
7.4 

4.7 
3.9 
3.1 


ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


T^Mr"Edaaua7" 

H0SZl8 

Leceaietiva,  I 


TEST 

NUMBER 


Dry  Steam 
to 

Englnei, 
Pounds 
per  Hoar 


Indicated 

Hone 

Power 


900.3C 

900.36 

900.37 

900.38 

900.39 

900.40 


214 


379 


Dry  Fuel 
per 

Indicated 

Hone 

PowK  Hour, 
PwMs 


380 


Dry  Steam 
per 

Indicated 

Hone 

Power  Hour, 
Pounds 


381 


Front 

End 


Drawbar 

Pull, 

Poundt 


286 


Fig.8 

••  8 
"  8 
"  11 
••  11 
••  12 


10418 

10324 

12198 


8696 


Oynamomotor 

or 

Drawbar 

Hone 

Power 


383 


1046.2 

1036.7 

1224.9 

Sol 


Dry  Fuel 
per 

Dynamem. 

Hone 

Power  Hour, 


384 


4.49 
4.13 
4.66 

record 


Dry  Steam 
PW 

Dynamem. 

Hone 

Power  Hour, 
Pounds 


386 


Machine 

Effidency 

of 

Lecomotivt, 
Per  Cent. 


396 


27.12 

27,04 

28.45 


399 


3.68 

4.00 

3.84 


6,76 

6,76 

5.75 

5.76 
6.75 
6.25 


Table  5. 

Results  of  front  end  tests,  E2a  class  locomotive. 
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H.  F.  394  4.-8lxth  Shoet 

Pennsylvania  Railroad  Comf 

LOCOMOTIVE  *  PkiUdelpliia,  Baltimore  &  Waohingtoa  Railroad  Company 

Northern  Central  Railway  Company 

TYPE  Weet  Jortey  &  Seethore  Railroad  Company 

CLASS  XEST  DEPARTMENT 

NUMBER  .  Average  Results  of  Locomotive  *1 

SUBJECT  :  Front  Bad  Trlalfl 

>ANY 

FUEL :  Pena  Has 

Coal 

Pests 

Altoona,  Pa. lOwlrwlSO? 

TEST 

number 

RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Toot, 

Houri 

Mile] 
per  , 
-Hour 

Throtm 
Opening, 
Full  or 
Partial 

Actual 

Cut-off 

Per  Cent, 

H.  P, 
Cylindert 

Draft 

in 

?lrel»x 

Presjuro 

In  Boiler, 
Lbs.  per 

Sq.  Inch 

Draft 

In 

Smoke  Box, 
Inches 
of  Water 

Draft 

In 

Ash  Pan, 
Inches 

ot  WaUr 

Color!  Be 
Value 
of  Dry 

Fuel, 

B.LU.perLb. 

CInden 

Collectod  In 

Smoko  Box, 

Pounds 
•  per  Hour 

1.  r.  M.  Tbrottia 

196 

199 

203 

268  to  271 

217 

222 

225 

248 

238 

900«41 

900.42 

900.43 

900.44 

900.45 

900.46 

900.47 

160-«27-F 

160^-.F 

160m27-F 

160»27-F 

160-32^ 

160«27~F 

X60-27«r 

.  2 

2 

2 

2 

2 

2 

2 

37.66 

37.66 

37.66 

37.56 

37.56 

37.66 

87.66 

mi 

n 

i« 

It 

H 

Partial 

Fall 

2a 

1.9 

2.0 

1.9 

2.5 

0.6 

1.9 

200.8 

203.4 

204.6 
202.3 

199.6 
208.8 
195.8 

6.9 

6.7 

7.1 

6.6 

8.7 

1.8 

B.7 

0.3 

0.3 

0.3 

0,3 

0.4 

0.2 

0,3 

14362 

I* 

n 

ft 

w 

•t 

n 

0 

0 

0 

0 

0 

3 

10 

TEST 

NUMBER 

BOILER  PERFORMANCE 

ENGINE  PE 

FORMANCE 

Dryftrei 
Fired 
per  Hour, 
Pound] 

Dtj(  Fuel 
per  Hour. 
Pound]  per 
Sq.  Ft  of 
Grate 

Water 
Ooilvored 
to  Boiler, 
Pound] 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  2120  F.,  POUNDS 

Boiler 

Horse 

Power 

(34SU.ofE.) 

Efficiency 
of  Boiler, 
Based 
on 

Fuel 

Draft 

Baolc 

Of 

}iaT9u 

Prtssuro 

In 

Branch  Pipe, 
Pounds 
per  Sq  In. 

Surrerheat 

In 

Branch 

P'pc 

Degress  F, 

Per 

Hour 

Per  Hour 
per  Sq.  ft. 

of  Fir* 
Keating  Sur, 

P<w 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

345 

347 

349 

360 

220 

230 

900.41 

900.42 

900.43 

900.44 
900.46 

900.46 

900.47 

4469 

5888 

4641 

3776 

4799 

1421 

4030 

80.88 

70.06 

83.62 

68.04 

86.47 

26.60 

72.61 

31166 

29706 

31032 

30437 

34676 

14206 

28882 

37282 

56552 

37177 

36458 

41497 

16970 

34525 

16.07 

16.33 

16.03 

16.72 

17^89 

7.32 

14.89 

8.31 

9.14 

8.01 

9.66 
6.65 

L1.94 

8.67 

1080.7 

1030.5 

1077.6 

1066.6 

1202.8 
491.9 

1000.7 

55.80 

61.38 

63.79 

64.87 

58.09 

80.18 

6^.66 

5.5 

5.2 

5.6 

5.4 

6.7 

1.5 

4.6 

ENGINE  PERFORMANCE 

LOCOMOTIVE  PERFORMANCE 

TEST 

NUMBER 

Dry  StMfn 
to 

Engine], 
Pound] 
nor  Hour 

Indicated 

Koree 

Power 

Dry  fuel 
per 

Indicated 

Horen 

Power  Hour, 
Pound] 

Dry  itoan 

poi 

Indicated 

Hnrjo 

Power  Hc'jr, 
Poondi 

Front 

Bad 

Drawbar 

Pull, 

Pounds 

Dyianonieter 

er 

Drawbar 

Hone 

Power 

Dry  Fuel 
per 

Dynamotn. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dynamom, 
Ho.  te 

Powtr  Hour 
Pound] 

Hachlns 

Efficiency 

of 

Locomotive, 
Per  Cnnt. 

Thermal 

kfikrency 

of 

Ucofflotlvs, 
per  Cent, 
dated  on  Fuel) 

Baivnst 

Vozzle 

Diaiafttar 

214 

379 

380 

381 

286 

363 

384 

385 

398 

399 

900.41 

900.42 

900.43 

900.44 
900.46 

900.46 

900.47 

F16.14 
"  16 
«  16 
"  16 
"  16 
•  16 

18 

10622 

L0334 

L0250 

L0400 

L1967 

3894 

10142 

1064.1 

1035.3 

1026.8 

1041.9 

1198.9 
400,1 

1016.0 

4.14 

3,76 

4.52 

3^62 

4.00 

3.5E 

3.97 

28.46 

26.39 

29.66 

28.91 

28.63 

34.63 
£8.U 

4.27 

4,71 

3.91 

4.69 

4.42 

4.98 

4.46 

6.76 

6.76 

5.76 

6.76 

5.75 

5.76 
5.75 

Table  6. 

Results  of  front  end  tests,  E2a  class  locomotive. 
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M.  P.  8^A 
loX  ' 


LOCOMOTIVE: 

TYPE  4-«4— 2 

CLASS  . 

NUMBER  ...2984 

SUBJECT: . Self- 


T  6  1007 


Pennsylvania  Railroad  Company 

Philadelphia.  Baltitnors  dL  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  &  Seashore  Railroad  Company 

TEST  DEF=>ARTIV1EMT 


Bulletin  ITOa  9 

TEST  NOS.,  . 


Average  Results  of  Locomotive  Tests 
cloaniae  .Front  End  .  Altoona,  Pa., 


1001  to  1008  incl, 
11-4-07  .. 


Driving  wheels 

1 

Piston  rods.  Diameter 

1 

Number  of  Pairs _ 

_  2 

INCHES 

2 

Approx.  Diameter,  inches _ 

80 

74 

High  Pressure 

.. _4. 

164 

Engine  Truck  Wheels 

76 

Low  “  _  .  .  . 

— 

165 

14 

Number  -- 

4 

Tail  Rods,  diameter. 

166 

15 

Diameter,  inches 

_ 36_ 

Inches 

157 

.  Trailing  Wheels 

78 

High  Pressure _  . 

_ -r_ 

»168 

16 

Diameter,  inches _ 

50 

80 

Low  “ _ _ 

- 

159 

Wheel  base,  Feet 

Valves 

17 

Driving  Wheel  Base_. 

7.42 

62 

Type  Rloharflaon  Balanced — 

18 

Total  Wheel  Base _ _ 

. 30.85 

83 

Design 

- 

19 

Gage  of  Wheels 

_  4^1 

84 

Per  Cent.  Balanced 

'  - 

WEIGHT  OF  ENGINE  WITH  WATER 

86 

Type  of  Valve  Motion  Stephenson 

160 

AT  20.  GAGE  COCK  AND 

NORMAL 

Greatest  valve 

Travel 

1  A  1 

FIRE.  POUNDS 

86 

High  Pressure,  inches _ 

_ 

20 

33700 

88 

Low 

2  1 

“  1st  Drivers 

56700 

Outside  lap  of 

Valve 

162 

22 

“  2d  " 

.615Q.0_ 

90 

High  Pressure,  inches 

.+  . 

163 

23 

“  'iA  • 

94 

Low  “  “ 

167 

24 

“  4th  “ 

INSIDE  LAP  OF 

valve 

26 

“  Ath  “ 

98 

High  Pressure,  inches 

+ 

168 

26 

31200 

102 

Low 

169 

27 

Total 

183X00 

BOILER 

28 

“  on  Drivers _ 

116200 

113 

TypeBalpalra  Wide  Fire.  Box 

1  7 1 

Cylinders 

114 

Outside  Diam.  1st  Ring 

67  _ 

Diam.  and  Stroke,  H.  P  22 

X  26 

Tubes 

172 

«  «  IP 

116 

Number 

313. 

CLEARANCE  IN  PER  CENT.  OF  PISTON 

116 

Outside  Diam.,  inches 

_ 2_ 

173 

DISPLACEMENT 

Pitch  “  _. 

-  2.625- 

40 

H.  P.  Right,  Head  End 

118 

Length  Between  Tube 

174 

4  1 

“  “  Crank  “  _ _ 

+ 

Sheets,  inches .  .. 

-  179.78.. 

42 

*  Left,  Head  “ 

♦ 

119 

Total  Fire  Area,  sq.  ft. 

-  5.26- 

43 

“  “  Crank  “ 

124 

Boiler  Pressure,  pounds 

_ 2QS_ 

44  , 

L.  P.  Right,  Head  “  . . . 

_ 

Superheater 

46 

*  “  Crank  “ 

125 

Number  of  Tubes 

46 

“  Left  Head  “ 

126 

Outside  Diam.  “  inches 

_ 

47 

“  “  Crank  “ 

128 

Length  of  “  “  . 

RECEIVER,  Cubic  Feet 

Firebox,  Inside, 

INCHES 

48 

Volume  Right  Side 

— - 

132 

Length _ _ 

114. 

49 

“  Left  “ 

133 

Width 

_ 6a_ 

STEAM  PORTS,  INCHES 

137 

Air  Inlets  to  Ashpan, 

60 

H.  P.  Admission,  Length _ 

_  20_ 

sq.  ft. _ 

6.3 

6  1 

*  *  Width 

.  l.S_ 

Grates 

58 

L.  P.  “  Length 

- — . 

144 

Type  JRoeklng  Finger  - 

69 

'  “  Width 

.-  ..  . 

146 

Grate  Area,  sq.  ft.  _ 

-  55,5. 

66 

H.  P.  Exhaust,  Length 

26“ 

146 

Area  of  Dead  Grates 

6^ 

67 

‘  “  Width  .... 

_ 3_ 

70 

L.  P.  *  Length 

- — 

7  1 

‘  “  Width  _ 

• 

Heating  surface, 
Square  feet 


2471.04 

2162.40 

156.86 

2319.26 


2627.90 


Of  the  Tubes,  Water  Side 
“  “  •  Fire  " 

“  “  Firebox,  “  “ 

"  “  Superh’r,  “  “ 

Total,  Based  on  "  “  ^ 

m  m  m  u  u 

of  Firebox  and 
Waterside  of  Tubes 

Boiler  volume 
with  water  surface  at  level 

OF  20  GAGE  COCK 
Water  Space,  cu.  ft.  ' 

Steam  “  “  “  _ ♦ 

Exhaust  nozzle 

Double  or  Single _ .Single 

Size,  inches _  '.  _  _  5.75.. 

Area,  sq.  inches _  _  _  _25.97 

REVERSE  LEVER 

H.  P.  Notches  Forward  of  Center  15 

L.  P,  Notches  Forward  of  Center. .  . .  — - . 

RATIOS 

Heating  Surface  (158)  to 

Grate  Area  (145)  .._  41.79 

Fire  Area  Thru  Tubes  (119) 

to  Grate  Area  (145)  _  .  .09 

Firebox  Heating  Surface  (156) 

to  Grate  Area  (145)  2.83  - 

Tube  Heating  Surface  (155) 
to  Fire  Box  Heating 
^  Surface  (156) 


_ 13.J9_ 


+  Those  items  not  moastorod 


*U3EO  IN  OALOULATIONS 


Table  7. 

Dimensions  of  E3a  class  locomotive  2984. 
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M.  P.  884  A-Slxth  Sheet 
8  X  lu^ 

LOCOMOTIVE: 

TYPE  4HUi2 

CLASS  Ma . 

NUMBER  2984 . 

SUBJECT  :  FJppnt  qfett® 


Pennsylvania  Railroad  Company 

Pbil»4«tphia,  4  WavbUplaii  RtllrMid  Company 

Northern  Caniral  ftellhray  Company 
Weal  Jersey  &  Seashora  Neilroad  Company 

TfeaT  DEIRAR^MENX 


FUEL :  Penn  0:^ 
. Coal . 


Average  Results  of  Locomotive  TesYs 


Altoona,  Pa.',X1*4«>1907 


TEST 

NUMBER 

RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Toot, 

Hoora 

Mllei 

por 

Hour 

Throttlo 

Oponlag, 

Full  or 
PirtUI 

Actual 

Cut-off 

Pur  CanLi 

H,  P, 

C)f  linden 

Draft 

ia 

I’irebox 

Praiturt 

la  BoHer, 
Lba,  par 

Sq.  iRcIi 

Draft 

la 

Smoka  Box, 
lachat 
of  Water 

Draft 

in 

Aih  Pa  a, 
lachai 
of  Water 

Calorific 
Value 
of  Dry 

Fuel, 

B.T.  U.psrlb. 

Cindan 

Colioctad  In 

Smoka  Box, 

Pouado 
par  Hour 

ir.K.  ea1.«ffTkratUe 

lee 

199 

203 

268  to  271 

217 

222 

225 

248 

2se 

1001 

£00t25MF 

1«00 

46*27 

Poll 

2*3 

199*6 

8*6 

0*3 

14068 

0 

lOOS 

160-30»F 

1*00 

37*02 

n 

2*2 

201*9 

8.7 

0*5 

14068 

0 

1003 

160.S0*? 

0*33 

37*02 

« 

1*8 

200*5 

7.2 

0*3 

14068 

0 

1004 

160^5.F 

2*00 

37*02 

n 

1.9 

199*9 

6*7 

0*4 

14068 

0 

lOOS 

lao-ao-F 

2*00 

27*76 

w 

1*2 

202*7 

3*6 

0*2 

14086 

0 

1006 

160-30-0? 

1*00 

37*02 

N 

2*2 

200*4 

7.2 

0*4 

14086 

0 

1007 

160-23-F 

1*00 

37*02 

1.8 

200*4 

5*6 

0*3 

11917 

0 

1006 

200m2S^ 

1*00 

46*27 

n 

2*2 

202*7 

7*1 

0.4 

14616 

0 

TEST 

NUMBER 


BOILER  PERFORMANCE 


EHeiilE  PEHFORKANCE 


TEST 

NUMBER 

E 

NGINE 

i*ERFORMANCE 

LOCOMOTIVE  PERFORMANCE 

Dry  Steam 
to 

Eaginat. 
Pounds 
por  Hour 

ludicatad 

Nona 

Power 

Dry  Fuel 
Dtr 

Indlutsd 

Hone 

Powtr  Hour, 
Pouadi 

Dry  Steam 
par 

Mleatad 

Hana 

Power  Hour, 
Peuadi 

Front 

Ettd 

Drawbar 

Pull, 

Pouads 

Dynannmatar 

or 

Drtwbar 

Hone 

Power 

Dry  Fuel 
por 

Dyntmom. 

Horto 

Pewor  Hour, 

Dry  Stoim 
P" 

Dyaamom. 

Horto 

Power  Hour, 
Pounds 

MacMaa 

Efficiency 

of 

LocomotM, 
Par  Can‘ 

Thermal 

Effitfoncy 

of 

Ucometivn, 
par  Coat., 
(lasadenFuth 

Eshecost 

Nozzl8. 

Diene ter 

214 

379 

380 

9ei 

266 

383 

384 

386 

398 

399 

1001 

Fi«r*i6 

10397 

1283*0 

4*80 

26*26 

4*20 

6,76 

1002 

n 

16 

12914 

3274*9 

3*39 

25*87 

5*33 

5*76 

1003 

la 

17 

12717 

1255*4 

3*65 

25*40 

4*95 

5.76 

1004 

If 

17 

11876 

1172.4 

3*24 

26*32 

5*56 

6,76 

1005 

ft 

18 

10957 

811*3 

3*09 

25*40 

5*65 

6,76 

1006 

18 

12766 

1260*2 

3*67 

25*34 

5*06 

6*76 

1007 

M 

191 

10605 

1046*6 

4*21 

24*49 

5,07 

6*76 

1008 

tf 

19 

10109 

1247*5 

4*02 

26*66 

4*38 

5a76 

Table  8. 

Results  of  front  end  tests,  E3a  class  locomotive. 


M.  P.  894A 

K  X  l(lH 


LOCOMOTIVE: 

TYPE 

CLASS . .H8t 

NUMBER  2860 


Pennsylvania  Railroad  Company 

Phil»delpiMa.  Baltimore  A  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  4  Seashore  Railroad  Company 

TEST  OEF»ARTrs/tErNfT 

Average  Results  of  Locomotive  Tests 


T  6  1(07 

Bnlletla  Io«9 

Test  nos., 


SUBJECT  :Self  Cleaning  Front  snd 


Altoona,  Pa.8-10-1908 


Driving  Wheels 

Piston  Rods,  Diameter 

1 

Number  of  Pairs  . 

4 

Inches 

2 

Approx.  Oianieler,  indies 

56 

74 

High  Pressure 

4 

164 

Engine  Truck 

Wheels 

76 

Low 

••  .. 

165 

14 

Number 

2 

Tail  Rods,  Diameter, 

156 

16 

Diameter,  inches 

30 

inches 

157 

Trailing  wheels 

78 

High  Pressure 

Hone 

‘158 

16 

Diameter,  inches 

— 

80 

Low 

- 

159 

Wheel  Base 

Feet 

VALVES 

17 

Driving  Wheel  Base 

16.25 

82 

Type  Piston 

18 

Total  Wheel  Base 

24.84 

83 

Design  AnOr.Bsl.ValTO  Co. 

19 

Gage  of  Wheels 

4.75 

84 

Per  Cent.  Balanced 

100 

weight  of  engine 

WITH  water 

85 

Type  of  Valve  MotioWalBObaOrtS 

160 

AT  20.  GAGE  COCK 

AND  NORMAL 

Greatest  valve 

Travel 

FIRE  POUNDS 

86 

High  Pressure,  inches 

6.26 

161 

20 

On  T  ruck 

21667 

68 

Low  “  “ 

•— 

2  1 

"  1st  Drivers _ 

„  46667 _ 

Outside  Lap  of 

Valve 

162 

22 

"  2d  "  _ 

42583 

90 

High  Pressure,  inches 

•91 

163 

23 

“  3d  “  .  _ 

47500 

94 

Low  “ 

— 

167 

24 

“  4th  “ 

40850 

Inside  Lap  of 

Valve 

26 

“  5th  “  _ 

— 

98 

High  Pressure,  inches 

.06 

168 

26 

“  Trailers 

— 

102 

Low  “  “  . 

169 

27 

Total 

198267 

Boiler 

28 

“  on  Drivers 

176600 

113 

Type  Belpairo.Wide  Flrelioz 

171 

Cylinders 

1 14 

Outside  Diam.  1st  Ring 

71.16 

Diam.  and  Stroke,  H  P 

22  a£28 

Tubes 

172 

*  "  *  L.  P 

115 

Number 

873 

CLEARANCE  IN  PER  CENT.  OF  PISTON 

116 

Outside  Diam.,  inches 

2 

173 

DISPLACEMENT 

Pitch 

2.6875 

40 

H.  P.  Right,  Head  End 

12.5 

lie 

Length  Between  Tube 

174 

4  1 

"  Crank  •' 

10.7 

Sheets,  inches 

164.28 

42 

“  Left,  Head  “ 

12.2 

119 

Total  Fire  Area,  sq.  ft. 

6.23 

43 

“  "  Crank  “ 

10.8 

124 

Boiler  Pressure,  pounds 

205. _ 

44 

L.  P.  Right,  Head 

— 

Superheater 

46 

“  “  Crank  • 

... 

125 

Number  of  Tubes _ 

— 

46 

“  Left,  Head  " 

126 

Outside  Diam.  “  inches 

47 

*  *  Crank  " 

128 

Length  of  “  “ 

.  ^ 

RECEIVER,  Cubic  Feet 

Firebox,  inside. 

Inches 

48 

Volume  Right  Side 

— 

132 

Length 

118.32 

49 

“  Left  “  . . 

_ _ 

133 

Width 

65.04 

Steam  Ports, 

Inches 

137 

Air  Inlets  to  Ashpan, 

SO 

H.  P.  Admission,  Length 

30 

sq.  ft. 

7.66 

51 

'  “  Width 

2 

GRATES 

58 

L.  P.  *  Length 

... 

144 

Type  Boeklag  Finger 

69 

“  “  Width 

— ■ 

145 

Grate  Area,  sq.  ft._ 

48.66 

66 

H.  P.  Exhaust,  Length 

Ho  Port  _ 

146 

Area  of  Dead  Grates 

0 

67 

“  “  Width 

«  N 

70 

L.  P.  “  Lengths 

_  — 

7  1 

'  ‘  Width 

HEATING  Surface, 
Square  Feet 

Of  the  Tubes,  Water  Side 
“  “  '  Fire 

“  “  Firebox,  “  “ 

“  “  Superh’r,  "  “ 

Total,  Based  on  “  " 

of  Firebox  and 
Water  Side  of  Tubes 


Boiler  Volume 

WITH  WATER  SURFACE  AT  LEVEL 
OF  20  GAGE  COOK 


Water  Space,  cii  ft 

349.7 

Steam  . 

83.1 

Exhaust  Nozzle 

Double  or  Single  Single 

Size,  inches _ 

5.63 

Area,  sq.  inches 

24.89 

Reverse  Lever 

H.  P,  Notches  Forward  of  Center 

22 

L.  P.  Notches  Forward  of  Center 

— 

Ratios 

Heating  Surface  (158)  to 

Grate  Area  i145) 

51.49 

Fire  Area  Thru  Tubes  >119) 
to  Grate  Area  (145) 

.13 

Firebox  Heating  Surface  (156) 
to  Grate  Area  (145) 

3.41 

Tube  Heating  Surface  (155) 
to  Fire  Box  Heating 
Surface  056) 

U.09 

2673.68 

2339.23 

166.06 

2505.29 


2839.74 


•USED  IN  CALCUUTION6 


Table  9. 

Dimensions  of  H6b  class  locomotive  2860. 


61 


M.  P.  394  A— Sixt!«  Sheet 
H  x  l^)^' 

LOCOMOTIVE: 

TYPE  2»8-0 
CLASS 

NUMBER  2860 


Pennsylvania  Railroad  Company 

Philadelphia,  Baltimore  &  Waahington  Railroad  Company 
Northern  Central  Railway  Company 
Weat  Jersey  &  Seeihora  Railroad  Company 

"TEST  OEF>ARXMENX 


FUEL :  jsmieoB  Coal 


Average  Results  of  Locomotive  Tests 


SUBJECT  :  Self  CloaniBe:  Tront  Bad 


Altoona,  Pa,,  ft-2^1910 


RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

NUMBER 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hours 

Miles 

per 

Hour 

Throttle 
Opening, 
Full  or 
Partial 

Actual 

Cut-aff 

Per  Cent,, 

H.  P. 
Cylinders 

Draft 

la 

'Irebox 

Pressure 

In  Boiler, 
lbs.  per 

Sq.  Inch 

Draft 

in 

Smoke  Box, 
Inches 
.  {  Water 

Dra't  f 

In 

Ash  Pan, 
Inches 
of  Water 

Calorific 
Value 
of  Dry 

Fuel, 

B.T.U.perlb. 

Cinders 
CcillecteJ  in 
Smoke  Box, 
Pounds 
per  Hour 

R.  r.  M.  Ca<-oft  Throltle 

196 

199 

203 

2ii'l  to  271 

217 

222 

225 

^48 

238 

^200«276 

60~20^F 

2. 

25 

13,00 

Pull 

19,2 

0,7 

204,6 

1.3 

0,1 

13176 

21 

1200.271 

8O-S0-P 

s. 

OO 

13,00 

m 

31,4 

1.1 

204,6 

2,6 

0,1 

13176 

26 

U00.272 

80^0-P 

2,50 

13,00 

m 

36,9 

1.5 

204,8 

3,4 

0,1 

13176 

31 

1200.275 

120,40-F 

2,00 

19,50 

m 

38,9 

1,9 

204,5 

5,2 

oa 

14137 

79 

1200.265 

140<40«P 

•76 

1 

22,75 

! 

m 

13,9 

2,1 

200,6 

5,8 

0,1 

14137 

436 

BOILER  PERFORMANCE 

ENGINE  PERFORMANCE 

TEST 

Dry  Fuel 

Dry  Fuel 
per  Hour. 
Pounds  per 

Sq.  Ff.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  ANO  AT  2120  p.,  POUNDS 

Boiler 

Horse 

Power 

OASU.ofE.) 

Efficiency 
of  Boll  .r, 
Based 

on 

Fuel 

Draft 

Pressure 

Superheat 

NUMBER 

Fired 
per  Hour, 
Pounds 

Per 

Hour 

Per  Hrur 
per  Sq.  Ft. 

of  Fire 
He,ifing  Sur. 

Per 

Pound 

of 

Dry  Fuel 

*■8 

Dlagpto, 

Branch  Pipe, 
Pounds 
p.r  Sq.  In. 

Branch 

Pipe 

Degrees  F. 

338 

339 

340 

344 

345 

347 

349 

350 

220 

230 

/JKK).276 

1734 

35. 

>64 

13890 

16669 

6,65 

9,61 

483,2 

70,44 

1.1 

1200,271 

2593 

53,29 

19628 

237E0 

9,48 

9,16 

688,4 

67,14 

2,3 

1200,272 

3269 

67,59 

24036 

29104 

11,62 

6,85 

843,6 

64,87 

3,0 

1200,275 

4950 

101,78 

31111 

37632 

15,02 

7,60 

1090,7 

51,92 

4,6 

1200,266 

6336 

I30,a 

33188 

39989 

* 

15,96 

6,31 

1159.1 

43,11 

5,2 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horee 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicsted 

Horse 

Power  Hour, 
Pounds 

Front 

md 

Drawbar 

Pull, 

Pounds 

Oynamometar 

nr 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamem, 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dynamom. 

Hone 

Power  Hour, 
Pouhds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermal 

Efficiency 

of 

Lecomotive, 
per  Cent., 
(iasedenFuel) 

Esdianet 

Boszle 

Diaaster 

214 

379 

380 

381 

1 

265 

383 

384 

386 

398 

399 

1200,274 

13061 

520,2 

3,3 

25,11 

Fl«.20 

12014 

428.5 

4,1 

30.48 

62,4 

4,76 

5,5 

1200,271 

19367 

817,6 

3,2 

23,71 

It 

20234 

781,4 

5,7 

27,64 

85,8 

5,22 

tt 

1200,272 

23723 

963,5 

3.4 

24.62 

w 

24526 

850,2 

3,9 

27,90 

86,2 

4,99 

It 

1«)0,278 

30723 

1252,0 

4.0 

24,52 

It 

20998 

1091,6 

4,5 

28.14 

87,1 

3,97 

It 

1200,284 

32786 

1308,4 

4,8 

25,06 

It 

18771 

1138,7 

5,6 

28,79 

87,0 

3.24 

It 

Table  10. 

Results  of  tests  of  standard  front  end,  H6b  class  locomotive. 
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M.  P.  884  A— Slxlh  Shc«t  11-4-10 

Pennsylvania  Railroad  Company 

LOCOMOTIVE  *  Philid*lphii,  Bilttmor*  &  WMhingion  Railroad  Company 

\  Northarn  Control  Railway  Company  —  ^ 

TYPE  Wait  Jartoy  &  SaaiKore  Railroad  Company  FUEL :  jiranaaon 

CLASS  TEST  OE  PARTM  EfSI-r  . COOl ... 

NUMBER  2860  Average  Results  of  Locomotive  Tests 


SUBJECT :  fialf  Cleaalne  Front  aid  .  Altoona,  Pa.,  6-2SL.1910 


TEST 

NUMBER 

RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Teat, 

Hours 

Miles 

per 

Hour 

Throttle 
Opening, 
Full  or 
Pirtbl 

Actual 

Cut..eff 

Per  Cent., 

K.  P. 
Cylinders 

Draft 

in 

9'irebox 

Pressure 

In  Boiler, 
Lbi,  per 

Sq.  Inch 

Draft 

In 

Smoke  Box, 
Inches 
of  Water 

Draft 

In 

Aah  Pan, 
Inchee 
ef  Water 

Calorlflc 
Value 
of  Dry 

Fuel, 

B.T.U.perLb. 

CIndera 

Collected  in 

Smoke  Box, 

Pounds 
per  Hour 

1.  r.  M.  Cd-tff  TbroHIt 

196 

199 

203 

268  to  271 

217 

222 

226 

248 

238 

1200.42S 

1200*422 

1200*424 

1200*425 

1200*428 

1200*426 

1200*427 

80u20«iP 

80-S0«? 

80^0.F 

120*40-F 

120-40-F 

120^5>-F 

120-45>F 

2*0 

2*0 

2*0 

2*0 

U5 

1.0 

1.0 

12*86 

12*86 

12*86 

19*30 

19*30 

19*30 

19*30 

Fall 

88 

m 

m 

m 

m 

m 

0*6 

0*8 

1*2 

2.1 

1.5 

2*3 

2*4 

204*6 

203*7 

204*3 

201*4 

202*0 

159*9 

201*6 

1*4 

2*1 

3*3 

5*2 

5*6 

5*6 

5,7 

0*0 

0*2 

0,1 

0*2 

0*2 

0*2 

0*1 

12928 

tt 

■ 

H 

13590 

12928 

13590 

5 

8 

16 

m 

0 

29 

29 

TEST 

NUMBER 

BOILER  PERFORMANCE 

ENeiNE  PER 

FORMANCE 

Dry  fuel 
Fired 
per  Hour, 
Pound! 

Dry  Fuel 
per  Hour. 
Pounds  per 
Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  2120  p..  POUNDS 

Boiler 

Hone 

Power 

(34HU.ofE.) 

Efficiency 
of  Boiler, 

Baaed 

on 

Fuel 

[irnft 

Badk 

of 

Pressure 

In 

Branch  Pipe, 
Pounds 
per  Sq.  In- 

Superheat 

In 

Branch 

Pipe 

Degrees  F, 

Per 

Hour 

Per  Hour 
per  Sq.  Ft. 

of  Fire 
Heating  Sur. 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

345 

347 

349 

360 

i 

220 

230 

1200*423 

1200*422 

1200*424 

1200*425 

1200*428 

1200*426 

1200*427 

1921 

2381 

3264 

6017 

5183 

5323 

5301 

39*46 

48*93 

67*06 

108*U 

105*48 

109.40 

106*93 

1 

146S8 

17766 

23515 

30430 

31296 

81253 

32488 

17781 

21530 

28390 

37176 

38192 

58119 

39625 

7.10 

8*59 

11*33 

14*84 

15*25 

15.21 

15.82 

9*26 

9*04 

8*70 

7,41 

7.44 

7.16 

7*48 

515*4 

624*1 

822*9 

1077.6 
1107*0 

1104.7 
1148*5 

69*18 

67*54 

65*00 

55*36 

55*66 

53*49 

53*95 

1*2 

1.9 

3*0 

4*6  ^ 
4.8 

4*8 

6*1 

ENGINE  PERFORMANCE 

LOCOMOTIVE  PERFORMANCE 

TEST 

NUMBER 

Dry  Steam 
to 

Engineii 
Pounds 
per  Hour 

ludlcated 

Horae 

Power 

Dry  Fuel 
per 

Indicated 

Hone 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Hone 

Power  Hour, 
Pounds 

Front 

Aid 

Drawbar 

Pull, 

Pounds 

Dynamometer 

or 

Drawbar 

Hone 

Power 

Dry  Fuel 
per 

Dynamem. 

Hone 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Oynamom. 

Hone 

Power  Hour 
PHMds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermal 

Efficiency 

of 

Locomotive, 
per  Cent, 

.  (lasedenFuel) 

Bsiianat 

Hbssln 

Diaowter 

214 

379 

380 

381 

266 

383 

384 

386 

398 

399 

1200*425 

1200*422 

1200*424 

1200*425 

1200*428 

1200*426 

1200*427 

- 

14275 

17501 

22937 

30062 

30897 

30876 

32046 

Fi4(*22 

89 

88 

89 

89 

89 

89 

14282 

18695 

24580 

20316 

20600 

20472 

21164 

489*9 

641*3 

843*2 

1047*7 

1060*0 

1053*4 

1089*0 

3*92 

3,71 

3*87 

4*79 

4*84 

5*05 

4*87 

29*14 

27*29 

27*20 

28*69 

29*15 

29*31 

29*45 

5*02 

5*31 

5*09 

4*11 

3*95 

3*90 

3*90 

5«50 

m 

m 

m 

•• 

m 

Table  11. 

Results  of  tests  of  baffle  plate  front  end,  H6b  class  locomotive. 
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M.  P.  394  A— Sixth  Sheet 
8  X  1V)4 

LOCOMOTIVE: 

TYPE . 2(-8-0  .. 

CLASS  8»V . 

NUMBER  ^60 


Pennsylvania  Railroad  Company 

Philadelphia,  Baltimore  &  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  &  Seashore  Railroad  Company 

TEST  DEPARTMENT 


11-0*10 


FUEL  :  .  . 

Coel 


Average  Results  of  Locomotive  Tests 
SUBJECT  :  Self  Cloimlag  Front  Bid  .  Altoona,  PA.,  ft^9rlWP 


TEST 

NUMBER 

RUNNING  CONDITIONS  | 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hours 

Miles 

per 

Hour 

Throttle 

Opening, 

Full  or 
Partial 

Actual 

Cut-off 

Per  Cent., 

H.  P. 
Cylindert 

Draft  1 

J 

Firebox] 

Pressure 

In  Boiler, 
Lbs.  per 

Sq.  Inch 

Draft 

in 

Smoke  Box, 
Inches 
of  Water 

Draft 

in 

Ash  Pan, 
Inchas 
ofWatar 

Calorific 
Value 
of  Dry 

Fual, 

B.T.U.parLb. 

Clndora 

Collected  in 

Smoko  Box, 

Pounds 
par  Hour 

I.  P.  M.  Cul-oH  ThroHle 

196 

199 

203 

268  to  27t 

1 

217 

222 

225 

248 

238 

1200*436 

60-20-F 

1*0 

12*86 

Pull 

0*4 

151*9 

0.9 

Ho 

Record 

13390 

39 

1200*485 

eO-40-F 

2*0 

12*86 

«9 

1.2 

204*0 

3*0 

0.1 

13390 

0 

1200*437 

120.40-F 

1*5 

19*30 

M 

1.6 

179.4 

4*1 

0*2 

12444 

75 

1200*447 

120^0-? 

1.5 

19*23 

«» 

2*1 

200*4 

4*7 

0.1 

14315 

88 

1200*448 

obssssss^bs 

120.45-F 

ImO 

19*23 

m 

2.4 

i 

188*3 

5.1 

0*2 

14315 

136 

TEST 

NUMBER 


BOILER  PERFORMANCE 


Dry  Fuel 
Fired 
per  Hour, 
Pounds 


Dry  Fuel 
per  Hour, 
Pounds  per 
Sq,  Ft,  of 
Grate 


Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 


EQUIVALENT  EVAPORATION 
FROM  AND  AT  212°  F.,  POUNDS 


Per 

Hour 


Per  Hour 
per  Sq.  Ft. 

of  Fire 
Heatin;;  Sur. 


Per 

Pound 

of 

Dry  Fuel 


Boiler 

Horse 

Power 

(34HU.ofE.) 


Efficiency 
of  Boiler, 
Based 
on 
Fuel 


Draft 

Back: 

of 

Displu 


ENGINE  PERFORMANCE 


Pressure 

in 

Branch  Pipe, 
Pouads 
par  Sq,  In. 


Superheat 

In 

Branch 

Pipe 

Degrees  F, 


338 


339 


340 


344 


345 


347 


349 


360 


220 


230 


1200*436 

1200*435 

1200*437 

1200*447 

1200*448 


1712 

3346' 

4547 

5363 

5947 


35*18 

68*77 

93*44 

110*21 

122*20 


13312 

23467 

28258 

30642 

31208 


16147 

28492 

34356 

37242 

38004 


6*45 

11*37 

13*71 

14*87 

16*17 


9*43 

8*52 

7*56 

6*95 

6*39 


468*0 

825*9 

995*8 

1079.6 

1101*6 


68*02 

61*45 

58*67 

46*89 

43*11 


0*8 

2*8 

3*6 

4.4 

4*9 


TEST 

NUMBER 


ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 


Indicated 

Horse 

Power 


214 


379 


Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 


380 


Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 


381 


Front 

End 


Drawbar 

Pull, 

Pounds 


265 


Dynamometer 

or 

Drawbar 

Horse 

Power 


383 


Dry  Fuel 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 


384 


Dry  Steam 
per 

Dynamom, 

Horse 

Power  Hour, 
Pounds 


386 


Machine 

Efficiency 

of 

Locomotive, 
Per  Cent.* 


398 


Thermal 

Efficiency 

of 

Locomotive, 
per  Cent, 
(Based  on  Fuell 


399 


EsdiatBt 

Eosale 

Dlaoster 


1200*436 

1200*436 

1200*48? 

1200,447 

1200*446 


13151 

23104 

27916 

30252 

30630 


Fie*23 


9907 

24819 

16228 

21015 

20862 


339*8 

651*4 

937*9 

1077*6 

1069*7 


5*04 

3*93 

4*85 

4*98 

5*56 


38*71 

27*14 

29*76 

28*07 

28*82 


3*77 

4*64 

4*22 

3,67 

3*20 


5*625 

H 


Table  12. 

Results  of  tests  of  Buffalo  front  end,  H6b  class  locomotive. 
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M^P._394  A-Siith  Sheet 
8  X  iof^j 

LOCOMOTIVE: 
TYPE  36-#-0 
CLASS .  H6^ 
NUMBER  2000 


Pennsylvania  Railroad  Company 

PhiUdtfpMa,  Balitmore  &  Wathingfon  Railroad  Company 
Northara  Central  Railway  Company 
WMt  Jof^ay  &  Soathore  Railroad  Company  * 

TEST  DEPARTMENT 


n-9-10 


FUEL:  Janleon 

.  Coal 


Average  Results  of  Locomotive  Tests 


SUBJECT ;  Self  CleaJliag  Front  Bed, 


Altoona,  Pa.,  6«29l>1910 


TEST 

NUMBER 


RUNNING  CONDITIONS 


TEST 

DESIGNATION 


Duration 

of 

Tejt, 

Hours 


Miles 

per 

Hour 


Throttle 
Opening, 
Full  or 
Partial 


Actual 
Cut-off 
Per  Cent, 
H.  P, 
Cylinders 


Draft 

m 

Firebos 


boiler  performance 


Pressure 
In  Boiler, 
lbs,  per 
Sq.  Inch 


Draft 

In 

Smoke  Box, 
Inches 
of  Water 


Draft 

In 

Ash  Pan, 
Inches 
of  Water 


Calorific 
Value 
of  Dry 
Fuel, 

B.  T.  U.  per  Lb. 


Cinders 
Collected  In 
Smoko  Box, 
Pounds 
per  Hour 


A.  P.  H.  Cut-off  Throttle 


196 


199 


203 


268  to  271 


217 


222 


225 


248 


238 


iaoo.441 

1200*438 

1200*439 

1200*442 

1200*440 


eo.-2o«F 

80^0i«F 

120^0-? 

120-40-F 

120-4&-F 


2 

2 

2 

1 

1 


12*82 

12^ 

19*23 

19*23 

19*23 


Foil 

N 


0*6 

1*8 

1.9 

1.3 

1.9 


204*9 

203*5 

182*4 

165*4 

178c9 


1.6 

3*3 

4*6 

3*5 

5*0 


He 

Record 


.1 


12444 

N 

N 

« 


16 

22 

51 

67 

11 


BOILER  PERFORMANCE 


TEST 

NUMBER 


Dry  Fuel 
Fired 
per  Hour, 
Pounds 


Dry  Fuel 
per  Hour. 
Pounds  per 
Sq.  Ft.  of 
Grate 


Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 


EQUIVALENT  EVAPORATION 
FROM  AND  AT  212o  F.,  POUNDS 


Per 

Hour 


Per  Hour 
per  Sq.  Ft. 

of  Fire 
Heatleg  Sur. 


Per 

Pound 

of 

Dry  Fuel 


ENGINE  PERFORMANCE 


Boiler 

Horse 

Power 

(34HU.ofE.) 


Efficiency 
of  Bollor, 
Based 
on 
Fuel 


Draft 

Back 

of 

Dlach, 


Pressure 

In 

Branch  Pipe, 
Peueds 
per  Sq.  In. 


Superheat 

In 

Branch 

Pipe 

Degrees  F. 


338 


339 


340 


344 


345 


347 


349 


350 


aeo 


230 


1200*441 

1200*438 

1200*439 

1200*442 

1200*440 


1982 

3468 

4564 

4272 

4667 


40*73 

71.27 

93*79 

87*80 

95*71 


14786 

23681 

28291 

25508 

29820 


17927 

28758 

34419 

80957 

36302 


7*16 

11*40 

13*74 

12*36 

14*49 


9*05 

6*29 

7*54 

7*26 

7*80 


519*6 

833*6 

997*6 

897*3 

1062*8 


70*28 

64*34 

58*52 

56*26 

60*54 


1*3 

3.7 

4*0 

8*8 

4*0 


TEST 

NUMBER 

E 

NGINE 

PERFORMANCE  I 

LOCOMOTIVE  PERFORMANCE 

Dry  Steam 
te 

Engines, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Poundi 

Front 

Bnd 

Drawbir 

Pull, 

Pounds 

Dynamometer 

or 

Orawbir 

Horse 

Power 

Dry  Fuel 
per 

Dynamem. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dyaamom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermal 

Efficiency 

of 

Lecomotivo, 
per  Cent,, 
(•teed on  Fuel) 

Tbdtanat 

Hoszle 

Dlnater 

214 

379 

380 

381 

265 

383 

384 

386 

398 

399 

1200*441 

14661 

nc*24 

14920 

510*1 

3*89 

28*65 

5*26 

5*626 

1200*436 

28859 

m 

24908 

851*6 

4*07 

27,43 

5*02 

5*625 

1200*489 

27949 

m 

18668 

957*0 

4.77 

29*20 

4*29 

5*625 

1200*442 

£5199 

a 

16380 

862,7 

5*01 

29*55 

4*06 

5*50 

1200*440 

29469 

■ 

1»3»« 

994*5 

4*68 

29*62 

4*87 

5*625 

Table  13. 

Results  of  tests  of  Sunbury  front  end,  H6b  class  locomotive. 
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M.  P.  3^4  A-^^ixlh  Sheet 

jTx 

LOCOMOTIVE: 
TYPE  2x(M)  . 
CLASS  H61) 
NUMBER  2860 


Pennsylvania  Railroad  Company 

Philtdetphis,  Baltimore  4  Wothington  Bailrood  Company 
Northern  Central  Railway  Company 
Watt  Jartey  &  Seashore  Railroad  Company 

TEST  DEPARTMENT 


FUEL  :  JmxiBOO 

Coal 


Average  Results  of  Locomotive  Tests 
SUBJECT  :  Self  Oleaalae  Front  Ead  Altoona,  Pa.,  6^2^1910 


TEST 

NUMBER 


RUNNING  CONDITIONS 


TEST 

DESIGNATION 


Duration 

of 

Te»t, 

Noors 


Milos 

per 

Hour 


Throttle 
Opening, 
Full  or 
Partial 


Actual 
Cut-off 
Per  Cent., 
H.  P. 
Cylinders 


Draft 

In 

Firebox 


BOILER  PERFORMANCE 


Pressure 
In  Boiler, 
Lbs.  per 
Sq.  Inch 


Draft 

In 

Smoke  Box, 
Inches 
of  Water 


Draft 

in 

Ash  Pan, 
Inchns 
of  Water 


Calorific 
Value 
of  Dry 
Fuel, 

B.  T.  U,  per  Lb. 


Cinders 
Collected  In 
Smoko  Box, 
Pounds 
psr  Hour 


L  P.  M.  Cut-off  ThroHle 


196 


199 


203 


268  to  271 


217 


222 


225 


248 


238 


1200*432 

1200*452 

1200*429 

1200*451 

1200*430 

1200*431 

1200*444 

1200*445 

1200*446 

1200,434 


80-20-F 

80,^0-P 

80-40-F 

100.,45-P 

120-40-F 

120-4^F 

120x45-F 

120-45-F 

120«4&,F 

12C^«S0-F 


2*0 

2*0 

2*0 

1.5 

1*5 

,1.0 

1.0 

1.0 

1.0 

-IsO. 


12*86 

12*78 

U*e6 

16*98 

19*30 

19*30 

19*23 

19*23 

19*23 

19.30 


Full 


0*6 

1.2 

1.1 

2*0 

1.8 

2*1 

1.7 

2*3 

1.9 

2,3 


203*3 

204*9 

204*5 

200*6 

195*8 

203*7 

190*6 

194*6 

204*9 

m.i 


1.7 

3*6 

4.0 

7.3 

6*3 

6*9 

6*1 

6*8 

6*8 

1*1= 


0.1 

0*1 

0*1 

0*1 

0*2 

0*2 

Xo 

Beoord 

0.1 

O.g 


13390 

13668 

13390 

13666 

13390 

13390 

14315 

14315 

14815 

13890 


9 

0 

4 

11 

8 

12 

22 

29 

17 

11 


BOILER  PERFORMANCE 


EN6INE  PERFORMANCE 


TEST 

NUMBER 


Dry  Fuel 
Fired 
per  Hour, 
Pounds 


Dry  Fuel 
per  Hour. 
Pounds  per 
Sq.  Ft.  of 
Grate 


Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 


EOUIVAUENT  EVAPORATION 
FROM  AND  AT  2120  F..  POUNDS 


Per 

Hour 


Per  Hour 
per  Sq.  Ft. 

of  Fire 
Heating  Sur. 


Per 

Pound 

of 

Dry  Fuel 


Seller 

Horse 

Power 

(34HU.ofE.) 


Efficiency 
of  Boiler, 
Based 
on 
Fuel 


Draft 

Back 

of 

PiSEjlffi- 


Pressure 

In 

Branch  Pipe, 
Pounds 
per  Sq  In. 


Superhnat 

In 

Branch 

Pipe 

Degrees  F, 


338 


339 


340 


344 


345 


347 


349 


350 


220 


230 


1200*432 

1200*462 

1200*429 

1200*451 

1200*430 

1200*431 

1200*444 

1200*445 

1200*446 

1200,484 


1923 

2700 

3333 

5222 

5290 

5342 

5473 

5947 

6097 


39*52 

56*49 

68*47 

107*32 

106*71 

109*78 

112*47 

122*20 

125*29 

109.34 


14723 

21731 

23995 

33315 

30521 

33098 

31622 

32200 

33722 

■■g42§^ 


17906 

26157 

29250 

40074 

37265 

40376 

38511 

39187 

41006 

41734 


7*16 
10*44 
11*68 
16*00 
14*87 
16*12 
15*37 
15*64 
16*37 


9*31 

9*69 

6*78 

7*67 

7*04 

7*66 

7*04 

6*59 

6*73 

7.31 


519*0 

758*2 

847*8 

1161*6 

1060*1 

1170*3 

1116*3 

1135*8 

1188*5 

1209,6 


67*15 

67*39 

63*33 

53*34 

60.78 

54*53 

47*50 

44*46 

46*40 

56,33 


1.1 

2*6 

2*6 

6*1 

4*4 

4*7 

4*8 

5*1 

4*9 

6.2 


ENGINE  PERFORMANCE 


TEST 

NUMBER 


Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 


214 


LOCOMOTIVE  PERFORMANCE 


Indicated 

Horse 

Power 


879 


Dry  Fuel 
per 

Indicated 

Hone 

Power  Hour, 
Pounds 


380 


Dry  Stnam 
per 

Indicated 

Hone 

Power  Hour, 
Pounds 


381 


Front 


Drawbar 

Pull, 

Pounds 


266 


Dynamomotor 

or 

Drawbar 

Hone 

Power 


383 


Dry  Fuel 
per 

Dynamom. 

Hone 

Power  Hour, 
Pounds 


384 


Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds _ 


386 


Machine 

Efficiency 

of 

Locomotive, 
Per  Coot. 


Therm  1 
Effidoncy 
of 

Locomotive, 
per  Cent, 
LBaoodonFuel 


398 


SaSunst 

Ilo»le 

;)ii»»t«r 


399 


1200*482  14515 
1200*452  20972 
1200*429  23502 
1200*451  32889 
1200*430  30152 
1200*433  32698 
1200*444  31289 
1200.44C  31810 

Hisiagaig 


nc.i 


M 

M 


» 


14880 

122538 

124889 

26967 

20156 

121398 

20809 

121427 


508*8 

768*5 

853*9 

U49.1 

1037.1 

1101*4 

1067*0 

1098*7 

Hittt 


3*70 

3*51 

3*90 

4.54 

5*10 

4*85 

5*13 

5*41 

5*37 

4.78 


28*53 

27*30 

27*52 

28*62 

29*07 

29*70 

29*28 

28*96 

29*22 

^-.24 


6*08 

5*22 

4*87 

4*04 

3*73 

3*92 

3*47 

3*29 

3*81 

ZM. 


5*625 


m 

m 


Table  14, 

Results  of  tests  of  Lines  West  front  end,  H6b  class  locomotive. 


GRAPHICAL  LOGS  OF  TESTS. 

A  graphical  log  is  made  for  each  test  to  show 
the  conditions  at  each  ten-minute  interval,  and  to 
indicate  any  irregularity  in  the  weights  of  coal 
and  water  during  the  run.  These  diagrams  are 
on  file  with  the  Test  Plant  records.  A  few  repre¬ 
sentative  ones  only  being  shown  here. 
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Sheet  No  P-331 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

PmiLAOCLPMIA.  BAUTtMORE  St  WASHINGTON  RAILROAD  COMRANT 

Northern  Central  Railway  Comranv 
West  Jersey  <V  Seashore  Railroad  Company 

TEST  DEPARTMENT  Bolletill 

Graphical  Log  of  Locomotive  Test 


13  »  1911 

9  I  inH 


No. 


Self  Cleaning  Front 


Altoona,  Pa..  11.28-1912 


UPPER  FIGURES  R.  P.  M. 
LOWER  F  I  GU  R  ES  A  PPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
Type  4-49-2 
Class 

Number  6266 


20  30  AO  50  I  lO  20  30  40  SO  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


20 


30  40 


in 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut -off 

Per  Cent.) 

H.  P. 
Cylinders 

Throttle 

Openfng 

Full 

or 

•  Partai 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

38.2 

160 

27 

F 

5e91 

Test  No. 


Sh  eet  No. 


917 


Pp331 


68 


Sheet  No.  F-332 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

Philadelphia,  Baltimore  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  &  Seashore  Railroad  Company 

TEST  DEPARTMENT  Bolletla 

Graphical  Log  of  Locomotive  Test 


13  V  1911 

K  X  lOH 


No. 


9 


Self  Cleaning  Front  2nd 


Altoona,  Pa.,  7-3-1907 

TT^rRiTTTT 


UPPER  FIGURES  R.  P.  M 
LOWER  FIGUR  ES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


LOCOMOTIVE 

Type  4-fl-a 
Class  fi2a 
Number  6266 


30  40  SO  I  lO  20  30  40  SO  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Speed 

in 

Mites 

per 

Hour 

Revolutions 

pof 

Minut* 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Pertiil 

Evaporttion 
Pounds  of 
Water  per 
Pound  of 

Coal 

38.2 

160 

32 

r 

5«76 

Test  No.  900«S 


Sheet  No.  P-332 
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M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

Phicaoclphia,  Baltimurc  db  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  d.  Seashore  Railroad  Company 


12  H  ii»il 
X 


Sheet  No.  P-353 


TEST  DEPARTMENT 


Bollatln  No 


Graphical  Log  of  Locomotive  Test 


Self  Clesnlng  Trcn%  Snd 


Altoona,  Pa  ,  8-6-1907 


UPP»EP  FIGUPES  R.  P.  M. 
LOWER  FIGUP  ES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


LOCOMOTIVE 

Type  4-4-2 

Class 

Number  5266 


30  40  50  <0  20  30  40  SO  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


in 

Miles 

per 

Hoor 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Fur 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

37*6 

160 

27 

Toll 

6*6 

T eST  No.  900*25 


Sh  eet  No.  P^333 


70 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 


19  »  l»)t 


Philaoclphia.  Baltimore  A  Washiroton  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  A  Seashore  Railroad  Company 


Sheet  No.  B.334: 

Self  Cleanlag  Prcnt  'BaA 


TEST  DEPARTMENT  BOlletl# 

Graphical  Log  of  Locomotive  Test 


No. 


Altoona,  Pa., 


S.7-1907 


20  30  40  50 


IGURES  R.  M 
IGUPES  APPROX. 
4ILE5  PER  hour 


LENGTH  OF  TEST  MINUTES  AND  HOURS 


LOCOMOTIVE 

TYPE  4-4-i2 
Class  S2a 
Number  5266 


S(U‘C<1 

in 

per 

Hour 

Revolii<i«m^ 

per 

Minute 

Cut  -eff 

Per  Ont  , 

H.  P 
Cyiinricf# 

Thititte 

Opennit/ 

Fut) 

0^ 

ParuM 

Evaporation’ 
Pounds  oF 
Water  pen^ 
Pound  of 

Coal 

37.6 

160 

27 

mi 

6,3 

T  EST  No.  9Xe26 


F^<334 


Sheet  No. 


71 


It  t  Ull 

8xl»H 


Sheet  No.  P«336 


Self  Cleanine  Front  End 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

Philadelphia,  Baltimore  A,  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  d.  Seashore  Railroad  Company 

TEST  DEPARTMENT  Bulletin  NO,  9 

Graphical  Log  of  Locomotive  Test 

Altoona,  Pa.,  8-12-1907 
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10 

20 
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40 
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20 

30  40 
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UPPER  FIGURES  R.  P.  M 
LOWER  FIGUR  ES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


L.OCOMOTI  VE 

Type  4-4««2 
Class  B2a 
Number 


LENGTH  OF  TEST - MINUTES  AND  HOURS 


5266 


Speed 

in 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut-oif 

Per  Cent.. 

H.  P. 
Cylinders 

Throttle 

Opentnt; 

Ful! 

or 

Part.al 

Evaporation 
Pounds  of 
Water  pe-- 
Pound  of 

Coat 

87a6 

160 

so 

Full 

6*4 

Test  No.  900*29 


Sheet  No 


Ph895 
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Sheet  No. 


M.  P.  Bxpeiimentsl  D-1 

Pennsylvania  Railroad  Company 

PHtlXOtirHI*.  BALTIMOia  it  WXSMNQTOH  RAH.ROAO  COOPANT 
Northun  Ccntral  Rah-way  Company 
WCtT  JanCY  A  SCAAHORE  RAIUtOAO  COMPANY 

TEST  DEPARTMENT  BOllAtla 

Graphical  Log  of  Locomotive  Test 


It  (  IMl 
8  X  1«H 


No. 


9 


Self  ciaanizie  "frent  "ExA 


Altoona.  Pa..  6-14-1907 


UPPCP  FIOURES  R.  P.  M. 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


LOCOMOTIVE 

Type  4-4-S 
Class 

Number  6264 


LENGTH  OF  TEST - MINUTES  AND  HOURS 


Speed 

in 

Miles 

per 

Hour 

!levoli.iloai 

per 

Hlnuie 

Cut-off 

Per  Cent,, 

H.  P, 
Cylinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

37«6 

1  160 

37 

ndi 

6«t 

Test  No. 


900.38 


Sheet  No.  P«336 
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M.  Sxperlment&l  D-1 

Pennsylvania  Railroad  company 


It  >  IgU 

~  dBl»H 


Sheet  No.  P"337 


PHttAOCLPHIA,  BAtriMOMS  A  WaSHIMQTON  RAILROAO  COMPANY 
Nortkcrm  Central  Railway  Company 

WEST  JCR&CY  A  SCASHOftC  RAILROAD  COMPANY 

TEST  DEPARTMENT 


Bolletln  NO..  9 


Graphical  Log  of  Locomotive  Test 


Sfilf  CleanlJig  ?ront  BtA 


Altoona,  Pa., 


8«25-1907 


UPPER  FIGURES  R.  P.  M 
LOWER  F  IGU  R  ES  A  PPROX  . 
SPEED  IN  MILES  PER  HOUR 


Locomotive 
Type.  4-4«n2 
Class  &2o 
Number  6S66 


'O  30 

LENGTH  OF  TEST — MINUJES  AND  HOURS 


Speed 

in 

Miles 

per 

Hour 

Revolutltfii) 

per 

Minute 

Cut^ilf 

Per  Cent., 

H,  P, 
Cylinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Poundi  of 
Wator  per 
Pound  of 

Coal 

S7g6 

160 

ss 

VBll 

6^9 

Test  No- 


Sh eet  No.  Pi.^ 
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Sheet  No.  P*338 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

PHftAOCLPV  BAUTiMORC  A  WASHINGTON  RAILROAO  COMPANY 

Northern  Ccntral  Railway  Company 
WC6T  JcRSEY  A,  Seashore  Railroad  Company 

TEST  DEPARTMENT  BOllOtia 

Graphical  Log  of  Locomotive  Test 


«xi«H 


No. 


9 


Self  CleanlBff  Fro&t  End 


Altoona,  Pa..  9-SU1907 


;::UPPCR  FIGURES  R.  P.  M 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


LOCOMOTIVE 

Type 

Class  SSn 
Number  fi26d 


30  40  50  lO  20  30  40  SO  ^ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Speed 

in 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut-eff 

Per  Cent., 

H.  P 
Cylinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Peondt  of 
Water  per 
Pound  of 

Coal 

37*6 

160 

27 

full 

6,6 

Test  No.  900«40 


Sheet  No.  P»^336 


St 
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M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 


12  »  »11 
8  X  lOH 


Sheet  No.  P-339 

Self  oleaalag  Trent  fiid 


Philaoclphia.  BALTiMone  Sc.  Washington  Railroad  Comrany 
Northern  Central  Railway  Company 
West  Jersey  St.  Seashore  Ra  uroad  Company 

TEST  DEPARTMENT  Bulletin 

Graphical  Log  of  Locomotive  Test 


No, 


Altoona,  Pa., 


9-11-1907 


::UPFeR  FIGURES  R.  R.  M 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


LOCOMOTIVE 
T  YPE 

Class  l£a 
Number  5266 


30  40  50  to  20  30  40  50  g 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Speed 

in 

Miles 

per 

Hou' 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 
Opening 
Full  ‘ 
or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Cob! 

S7.6 

160 

27 

mi 

6.8 

T EST  No. 


900.41 


Sh  eet  No. 


Ph339 
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M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 


U  )t  1911 
H  1  lOVi 


Sheet  No  P*«340 

Self  Cleamlfic  Front  fiid 


pHtLAOCLPHIA.  BALTIMORE  &  WASHINGTON  RAILROAD  COMi>ANY 

Northern  Central  Railway  Company 
West  Jersey  a.  Seashore  Railroad  Company 

TEST  DEPARTMENT  Solletln  NO, 

Graphical  Log  of  Locomotive  Test 


ALTOON^  Pa.,  9-12-1907 


:;:UPPER  PIOURES  R.  P.  M. 
LOWER  r  IGU  R  £5  A  PPROX. 
SPEEO  IN  MILES  PER  HOUR 


Locomotive 
Type  ^-4—2 
Class 
Number 


LENGTH  OF  TEST- 


40  50  2 

MINUTES  AND  HOURS 


8266 


Speed 

In 

Miles 

per 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H,  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Poundc  of 
W«ter  per 
Pound  of 

Coal 

37,6 

160 

27 

Fall 

7.6 

Test  No.  900«42 


Sheet  No.P-2f40 
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M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 


g  I  ioH 


Sheet  No. 

Self  Cleaning  Front  Bid 


Philaoelphia.  Baltimore  dL  Washington  Baiuroao  Company 
Northern  Central  Railway  Company 
West  Jersey  <&.  Seashore  Railroad  Company 

TEST  DEPARTMENT  Bulletin  NO 

Graphical  Log  of  Locomotive  Test 
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.ALTOONA,  Pa  ,  9-14-1907 


:::UP^ER  FIGUPES  R.  P.  M .. 
LOWER  figures  APPROX. 
SPEED  IN  MILES  PER  HOUR 


locomotive 

Type 


30  40  SO  I 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Class 


X2n 


Number 


Speed 

in 

Miles 

per 

Hour 

Revolutions 

;>er 

mitMuU 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Paitia! 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

87*6 

160 

a 

Foil 

7.9 

Test  No. 


900*44 


Sheet  No.  ?“341 
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LOCOMOTIVE 
TYPE 
CL.ASS  SSa 
Number  6S66 

Sheet  No. 


Speed 

in 

per 

Meur 

Revolutions 

per 

Hioirto 

Cut-off 

Per  Cent., 

H.  P. 
Cyllmlers 

ThroMo 

Opomng 

full 

or 

Pzrtiot 

Evaporation 
Pounds  of 
Water  per 
PouikI  of 

Coal 

37,6 

160 

27 

F 

T,1 

Test  No. 


900,47 


Sheet  No  P*342 


M.  P.  ExperimenMl  D-l 

Pennsylvania  Railroad  Company 

PHICAOCLPHU.  B«L7»ll»OflC  A  WMHfNOTOn  Rjul«ioao  Cowpamy 
NOKTHCfW  CCMtftAC  RAILWAY  GOMI*ANr 
WOT  JCWCT  Sl  SCA»H<)A€  RaILMQAO  COMPANY 

TEST  DEPARTMENT  •Sllette 

Grapmicj^vl  Log  of  Locomotive  Test 


It  »  1»U 
Bz  IftH 


Self  Cleaaliig  Front  Sii& 


Altoona,  Pi®-19-1907 


O  10  20  30  40  50 


:UPPER  FIGURES  R.  P.  M 
LOWER  FIGUR  ES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


LENGTH  OF  TEST — MINUTES  AND  HOURS 


79 


M.  P.  SxiMrlmenMlr  D-1  11  u  isit 

Pennsylvania  Railroad  Company 

PHH.AOtl.^HIA.  BACTHIKMIC  A  WASMtMOTOW  fUtUIOAO  COM^AMY 

NOATMCM  Cutvvuu.  RAILUVAV  COMPAMV 

WC«T  JCRSCT  d  SCAtHOAC  RAILAOAO  COAtFAMV 

Sheet  no.  P'‘<343  test  department  Rilletla  No  ? 

Graphical  Log  of  Locomotive  Tes-^ 

self  Cleanlxie  Firont  Sii&  p*  .  10-26-1907 
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'^URPER  FIGURES  R.  P.  M.  LENGTH  OF 

LOW CR  FIGURES  APPROX. 

SPEED  IN  miles  per  HOUR 

10  20  30  40  60  2 

TEST — MINUTES  AND  H 

10  20  30  40  50  2 

OURS 

Test  No.  1004 

Locomotive 

Type  4-«4-»2 

Class  iSa 

Number 

Speed 

in 

Miles 

per 

Hour 

Revolutions 

per 

MincU 

Cut-off 

Per  Cent., 

H.  P. 

!  CylInd'.Tj 

Throttle 

Opening 

full 

nr 

Partial 

Evapcratiin 
Pounds  cf 
Water  per 
Pound  of 

Coal 

37.0 

160 

26 

mi 

7.8 
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Sheet  No.  P-344 


M.  P.  Experimental  D*1 

Pennsylvania  Railroad  Company 

Philaoclphia.  Baltimore  &  Washhiqton  Railroad  Company 
Northern  Central  Railway  Company 
WEST  Jersey  &  Seashore  Railroad  Company 

TEST  DEPARTMENT  ftlllettn 

Graphical  Log  of  Locomotive  Test 
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II  »  1»U 

8  X  lOH 
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Self  Cleaaiag  Front  sad 


Altoona, 


lUPPER  FIGURES  R.  P.  M. 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 

Type 

Class  XSa 

Number  29M 


20  30  40  50  2 

LENGTH  OF  TEST - MINUTES  AND  HOURS 


Speed 

in 

Miles 

per 

Hour 

fievolutions 

per 

Minute 

Cut-off 

Per  Cent,, 

H,  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

27.S 

120 

20 

INll 

8*2 

T EST  N  o. 


Sh  e  et  N  o. 


1005 


E-344 
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M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

Phn.ao£l^hia.  BALTtMone  d  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  &  Seashore  Railroad  Company 

TEST  DEPARTMENT 

Graphical.  Log  of  Locomotive  Test 


12  »  1»I1 
8  z  lOH 


NO. 
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Self  CleaalBS  Frost  Bod 


Altoona,  Pa. 


U.4-1907 


UPPER  FISURES  R.  P.  M 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PEP  HOUR 


Locomotive 

Type 

Class  S3a 

Number  2984 


30  40  so  lo  20  30  40  SO  g 

LENGTH  OF  TEST - MINUTES  AND  HOURS 


Speed 

in 

Mite$ 

per 

Hour 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Pzrtial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

37.0 

160 

23 

Fall 

5.S 

Test  No. 
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LOCOMOTIVE' TESTING  PLANT. 


BANK  VERSUS  LEVEL  FIRING 

Two  methods  of  Locomotive  Firing  and  the  results  from  a 
competitive  trial  under  Test  Plant  conditions. 


Conclusions  and  Recommendations  on  pages  19  and  20. 


INTRODUCTION. 

1 .  This  series  of  trials  of  level  and  of  bank  fires  in  a  locomo¬ 
tive  has  resulted  in  a  general  conclusion  that  the  best  practice  in 
firing  is  to  keep  the  fire  level  and  bright,  and  at  the  same  time  as 
thin  as  is  possible,  in  order  to  carry  the  load  upon  the  boiler. 

2.  There  are,  on  the  Pennsylvania  Lines  both  East  and  West, 
nearly  two  thousand  consolidation  locomotives  of  the  H6b  class. 
They  have  a  wide  firebox  and  a  nearly  level  grate.  The  bitumin¬ 
ous  coal  burned  in  them  is  from  over  one  hundred  mines,  for  the 
most  part  in  Pennsylvania,  but  extending  all  the  way  to  the  Illinois 
fields.  It  is  to  be  expected,  with  this  diversity  of  coals  and  the  large 
number  of  men  who  fire  these  locomotives,  that  differences  in 
method  of  firing  will  occur.  Firemen  are  instructed,  by  the  road 
foreman,  to  fire  by  the  level  fire  method,  and  this  method  is  in 
general  use.  It  consists  in  maintaining  a  fire  of  uniform  thickness 
over  the  whole  grate,  feeding  coal  to  all  parts  in  small  quantities 
so  as  to  have  a  bright  fire  over  the  whole  surface  and  one  that  is 
just  thick  enough  to  carry  the  load  upon  the  boiler. 

3.  Another  method  is  that  known  as  bank  firing,  and  consists 
in  building  up,  at  the  back  end  of  the  fire,  a  bank  or  ridge  of  fuel, 
just  inside  of  the  firedoor.  This  ridge  of  fuel  when  built  up  to 
its  full  height,  has  its  top  at  about  the  level  of  the  top  of  the  fire- 
door.  Coal  is  fired  over  the  top  of  this  bank  and  slides  down  the 
incline  toward  the  front  of  the  firebox,  being  assisted  by  the  slope 
of  the  grate.  It  is  distributed  along  the  apex  of  the  ridge  or  bank 
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and  allowed  to  find  its  way  down  to  the  level  portion  of  the  fire  at 
the  front  end  of  the  grate.  The  fuel  bed  under  these  conditions 
is  not  all  burning  at  the  same  rate  but  the  thick  portion  or  bank  is 
cooler,  the  more  intense  fire  being  at  the  forward  end  of  the  firebox 
where  the  fuel  bed  is  thin. 

4.  The  claims  of  superiority  for  this  method  over  level  firing 
are:  The  fuel  being  heaped  up  at  the  rear  of  the  firebox,  is  coked, 
the  hydrocarbons  are  driven  off  slowly  and  traversing  the  whole 
length  of  the  firebox,  are  burned  with  little  smoke;  the  bank  of 
green  coal,  extending  up  over  the  door  opening,  protects  the  fire¬ 
man  from  part  of  the  heat  that  is  radiated  from  the  fire ;  the  work 
of  placing  the  fuel  is  simplified,  the  coal  being  fed  to  the  top  of 
the  bank  at  a  point  near  the  firedoor  instead  of  being  distributed 
over  the  whole  grate  surface.  These  advantages,  if  real,  ought  to 
be  capable  of  demonstration  by  trial,  and  in  order  to  make  a  com¬ 
parison  of  bank  firing  with  level  firing  a  series  of  tests  have  been 
made  at  the  Locomotive  Testing  Plant. 


Firemen. 

5.  The  firemen  for  the  tests  were  selected  from  men  skilled 
in  the  use  of  these  two  methods  of  firing.  Two  of  them  were  strong 
advocates  of  the  bank  fire  and  had  been  firing  according  to  this 
method  in  their  regular  road  work  on  the  Lines  West.  Two  men 
were  from  the  divisions  where  bank  firing  was  practiced  on  the 
Lines  West,  but  they  believed  in  and  practiced  level  firing.  In 
addition,  there  were  two  Test  Plant  firemen  who  were  from  the 
Lines  East  and  had  become  expert  in  firing  by  the  level  fire  method. 
A  level  fire  fireman  from  the  Lines  East  also  assisted  in  the  trial. 
These  firemen  will  be  designated  as  follows : 


Bl,  Advocate  of  bank  firing,  Lines  West. 


B2, 

(( 

a 

u 

u 

u 

u 

LI, 

u 

level 

(( 

u 

u 

L2, 

a 

u 

u 

u 

u 

L3, 

u 

u 

u 

u 

u 

u 

Tl,  Test  Plant  fireman  level  fire. 


R,  Road  fireman  level  fire  Lines  East. 
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The  Locomotive. 

6.  The  tests  were  made  with  an  H6b  class  locomotive  2860. 
A  drawing  of  this  locomotive  is  shown  in  Fig.  1.  Table  3  gives  the 
principal  dimensions.  There  was  no  arch  in  the  firebox.  The 
grate  is  long  and  wide  (8  feet  10 J  inches  long  and  5  feet  6  inches 
wide)  and  nearly  level. 

7.  There  are  drop  grates  at  the  front  and  rear,  with  18  sec¬ 
tions  of  shaking  grate  bars  between.  The  grate  area  is  48.66 
square  feet.  The  air  openings  through  the  grate  have  a  total 
area  of  17.6  square  feet  or  36.4  per  cent,  of  the  grate. 

The  Coal. 

8.  The  coal  used  was  of  two  kinds.  In  the  first  three  tests, 
•Nos.  1275  to  1277,  coal  from  the  Pennsylvania  and  Northwestern 

region  in  Pennsylvania  was  used.  This  is  a  high  carbon  bituminous 
coal,  with  little  ash,  and  will  be  designated  as  Eureka  No.  6.  It  is 
fairly  representative  of  the  coal  used  on  the  Lines  Bast,  in  the  H6b 
locomotive. 

9.  For  the  remaining  tests,  coal  from  the  Pittsburgh  Coal 
Company  was  used.  This  is  known  as  No.  8  Pittsburgh  Steam 
Coal.  It  is  a  high  volatile  coal  with  a  rather  high  amount  of  ash. 
This  coal  is  used  on  the  Lines  West. 

An  analysis  of  each  coal  shows  the  following: 

Pittsburgh 
Eureka'*  No. 6"  Coal  Co. 


Fixed  carbon,  per  cent.  60.10  48.17 

Volatile  combustible,  per  cent.  30.36  36.37 

Moisture,  per  cent.  0.74  2.04 

Ash,  per  cent.  8.80  13.42 


100.00%  100.00% 

Sulphur  determined  separately,  2.08  3.18 

Calorific  value,  B.  t.  u.  per  pound  dry,  13743  12364 


The  Level  Fire. 

10.  The  methods  used  in  firing  the  level  fire  were  much  the 
same  in  the  case  of  each  of  the  level  fire  firemen.  The  coal  was 
broken  rather  fine,  to  two  inches  in  thickness  or  less,  and  was  fired 
in  single  shovelfuls  or  at  a  uniform  rate.  Fig.  2  shows  the 
probable  appearance  of  a  section  of  the  level  fire  on  the  grate. 


LT-tti- 
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The  Locomotive  used  in  the  Tests, 

THE  leading  dimensions  OF  THE  “H6b’' 
LOCOMOTIVE  ARE  AS  FOLLOWS: 


Total  weight,  pounds _ _ _ _ _ _ _ _ _  198,267 

Weight  on  drivers,  pounds _ _ _ _ 176,600 

Cylinders  (simple),  inches _ _ _ _ _ _ _ _ _  22x28 

Diameter  of  drivers,  inches _ _ _ _  56 

Firebox  heating  surface,  square  feet _ _ _ 166.4 

Heating  surface  in  tubes  (water  side),  square  feet _  2673.68 

Total  heating  surface  (based  on  water  side  of  tubes), 

square  feet _ _ _ _ _ _ _ _ 2839.74 

Total  heating  surface  (based  on  fire  side  of  tubes),  square 

feet _ _ _ _ _ _ _ _ . _  2505.29 

Grate  area,  square  feet... . . . . . . . .  48.66 

Boiler  pressure,  pounds . . . . .  205 

Valves . . . . . American,  Stayman  and  “L”  type 

V al ve  motion . . . . . . . . W alschaerts 

Firebox,  type . . . . . . . . . . .  Belpaire 

Number  of  tubes . . . . . . .  373 

Outside  diameter  of  tubes,  inches . . .  2 

Length  of  tubes,  inches . . . . . .  164.28 


The  maximum  tractive  effort  is  39,773  pounds,  which  is  cal¬ 
culated  on  the  assumption  that  80  per  cent,  of  the  boiler  pressure 
(205  pounds)  is  available  as  mean  effective  pressure  at  starting. 
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Fig.  2. 

LEVEL  FIRE. 

A  plan  of  the  grate  and  a  longitudinal  section  are  shown. 
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The  Bank  Fire. 

1 1 .  The  bank-fire  fireman  did  not  follow  strictly  the  method 
of  firing  the  bank  fire  as  given  above.  A  low  bank,  as  shown  in 
Fig.  3,  was  built  up,  but  with  the  exception  of  test  No.  1278,  the  bank 
served  only  as  a  partial  protection  from  the  heat  and  glare  of  the 
fire,  the  coal  being  fired  in  small  quantities  and  uniformly  over  the 
entire  grate,  except  over  the  bank.  The  bank  top  was  about  18  inches 
inside  of  the  firedoor,  and  with  the  bank  so  low  that  on  this  prac¬ 
tically  level  grate  it  is  evident  the  coal  would  not  slide  by  gravity 
to  the  front  of  the  firebox.  In  test  No.  1278  an  attempt  was  made  to 
fire  by  placing  all  of  the  coal  on  the  top  of  the  bank.  The  top  of 
the  bank  in  this  case  was  about  3|  feet  inside  of  the  firedoor  and 
the  fire  at  the  front  of  the  firebox  was  very  thin. 


The  Tests. 

A 

12.  The  tests  were  made  at  speeds  of  80  revolutions  per 
minute,  about  13  miles  per  hour,  and  at  100  revolutions,  about 
17  miles  per  hour,  with  wide  open  throttle  and  were  two  and 
one-half  hours  long,  except  in  two  cases. 

13.  In  bank-fire  tests  Nos.  1277  and  1278  the  same  man  fired 
throughout,  but  in  the  other  bank -fire  tests  the  fire  was  prepared 
by  the  Test  Plant  fireman  and,  at  the  instant  of  starting  the  test, 
turned  over  to  the  bank  fireman  to  build  up  the  bank  and 
continue  firing  to  the  end  of  the  test.  Just  before  the  end  of 
these  later  bank-fire  tests  the  bank  was  allowed  to  bum  down. 
This  was  done  in  order,  and  in  a  way  to  make  sure  that  the 
condition  of  the  fire  would  be  the  same  at  the  end  of  the  test  as  at 
the  start,  so  that  the  coal  supply  could  be  accurately  weighed. 
The  bank  would  be  burned  out  in  less  than  seven  minutes.  All 
of  the  firing,  both  level  and  bank,  was  continuous,  small  quantities 
being  fired  at  one  time  and  the  coal  was  broken  down  before 
firing. 

14.  In  Tables  1  and  2  a  summary  of  the  results  of  the  tests 
is  given.  I'he  tests  in  Table  1  were  mn  at  a  speed  equivalent 
to  about  13  miles  per  hour  and  a  cut-off  of  40  per  cent.,  giving 
an  evaporation  of  about  11  pounds  of  water  per  square  foot  of 


11 


r 

I 

I 


r 

I 

! 


Fig>  3. 

BANK  FIRE. 

A  high  bank  was  used  in  one  test  (No.  1278).  The  other  bank  fire  tests  were  made  with  a  lower  and  smaller  - 
bank,  and  part  of  the  fire  was  level. 
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TABLE  1 

EVAPOEATIOH  AJU)  SMOKE 
WEST  EUREKA  N0.6  COAL 


Test 

Ifumber 

Miles 

per 

Horur 

Cut 

Off 

thrcb- 

tle* 

Boiler 
Pre  s- 

sure 

Avg, 

Equivalent  Evaporation 
From  and  at  212°P. 

Relative 
Evap.ln 
per  cent 
Best  Svap. 
equalalOO^ 

Carbon 
Monoxide 
in  Gasea 
Average 

Smoke 

in 

percent 

Average 

Kind 

of 

Plre 

Per  Sq.Ft, 
Heat  Surf. 
Bar  Hour 

Per  Pound 
of  Dry 
Coal 

1 

2 

3 

4 

5 

6 

7 

1276 

13 

40 

Full 

197.4 

10.64 

8.33 

91.6 

0.355^ 

28 

Levd 

1275 

n 

If 

fl 

201,6 

11.36 

9.07 

100,0 

0,60 

36 

It 

Average 

95,9 

1277 

n 

If 

M 

202.0 

11.07 

9,04 

99,7 

0.95 

28 

Bank 

Average 

99.7 

PITTSBURGH  COAL  COMPAin 

COAL 

1285 

13 

40 

Pull 

202,3 

10.86 

8.66 

91.9 

0,10 

24 

Levd 

1288 

n 

tl 

II 

201,0 

10.86 

9,17 

97,0 

— 

32 

ft 

1284 

II 

tl 

ft 

203,3 

11.08 

9.18 

97,1 

— 

26 

m 

Average 

95*3 

1286 

If 

ft 

If 

203o3 

11.09 

8.66 

91.6 

0.36 

28 

Bank 

1287 

It 

If 

It 

202  0  9 

11,04 

9.45 

100,0 

0,10 

24 

It 

Ave  rage 


95.6 


Sheet  No..  .2^460-  . 


Table  1. 

EVAPORATION  AND  SMOKE. 

The  tests  in  this  table  were  made  at  13  miles  per  hour. 

Column  4  shows  a  comparison  based  upon  evaporation  per  pound  of  coal. 
From  this  standpoint  the  bank  fire  is  the  best. 
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M.  P.  479-A  ^ 

3G1  4-2S-12 

LOCOMOTIVE:  PENNSYLVANIA  RAILROAD  COMPANY 

TYPE  "a  Q  PHILADeLPMIA,  BALTIMORE  &  WASHINGTON  RAILROAD  COMPANY 

TYPfe.  rw ninl.r .  Northern  Central  Railway  Company 

CLASS  E6.1> No.. .26.6.0..-  West  Jersey  &  Seashore  Railroad  Company 

- - -  TEST  DEPARTMENT  '  BallstiXl  No . 12 . — 

Sheet  No...i!'r46I . 

. Baalc  Versus  laT.ftl...Plxtng: . . . . Altoona,  pa... 


TABLF!  2 

EVAPORATION  AND  SMOKE 
PITTSBURCNI  CQAl  COMPANY  COAL. 


Test 

Number 

Miles 

per 

Hour 

Cut 

off 

throt¬ 

tle* 

Boiler 

Pres¬ 

sure 

Avg* 

^ul valent  Evaporation 
From  and  at  212 op* 

Relative 
Ihrap.ln 
per  cent 
Best  Evap* 
equal 8 100^ 

Carbon 
Monoxide 
in  Gases 
Average 

Smoke 

in 

percent 

Average 

Kind 

of 

Fire 

Per  Sq.Pt* 
Heat  Surf* 
Per  Hour 

Per  Pound 
of  Dry 
Coal 

1 

2 

3 

4 

5 

6 

7 

1279 

17 

45 

Pull 

197.7 

14*89 

7*35 

83.2'^ 

1*055^ 

48 

Level 

1283 

ffl 

fi 

91 

199*7 

14.85 

7*72 

87*4 

1.30 

42 

It 

1289 

H 

91 

19 

200*3 

14*59 

8*07 

91*4 

0*16 

30 

It 

1290 

"V 

»l 

•1 

198*4 

14,59 

8*14 

92,2 

0*35 

38 

N 

1293 

Vt 

It 

M 

197.3 

14*29 

8*53 

96*6 

0*80 

34 

If 

1281 

•1 

» 

91 

202*0 

15.07 

8*57 

97*1 

0*45 

40 

ft 

Averagi 

91*3 

1278 

n 

II 

II 

193.S 

14*21 

6*89 

•78*0 

0*30 

52 

Bank 

1292 

ti 

It 

N 

198*7 

14*66 

7,82 

88*6 

0*85 

42 

IE 

U82 

n 

II 

n 

200*5 

14*88 

7*99 

90*5 

0*70 

46 

H 

1280 

II 

M 

19 

201*8 

15*07 

8*16 

92*4 

0*45 

50 

n 

1291 

H 

11 

M 

200*5 

14*51 

8*83 

100,0 

0*00 

28 

N 

Average 


e9»9 


Average 


^  92«8 


*  2U1/2  Foot  Bank;  the  other  tests  are  with  an  1-1/2  Foot  Bank. 

^  Quitting  Test  1278  which  has  an  excessively  high  bank* 

Sheet  No., 


P>461 


Table  2. 

EVAPORATION  AND  SMOKE. 

These  tests  were  made  at  17  miles  per  hour.  If  test  No.  1278  (the  real  bank  Fire)  is  inclgded,  the  average 
results  for  the  bank  fire  are  low. 
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heating  surface  per  hour.  The  tests  in  Table  2  were  run  at  a 
higher  speed,  17  miles  per  hour  and  45  per  cent,  cut-off,  giving  an 
evaporation  of  between  14  and  15  pounds  of  water  per  square 
foot  of  heating  surface  per  hour. 

15.  These  conditions  did  not  make  a  very  heavy  demand 
upon  the  boiler  for  steam  with  these  coals,  as  with  the  Eureka 
No.  6  coal  we  have  obtained  in  other  tests  on  the  Plant  an  equiv¬ 
alent  evaporation  of  16 J  pounds  of  water  per  square  foot  of 
heating  surface  per  hour. 

16.  In  column  4  of  Tables  1  and  2  a  comparison  is  made 
between  the  evaporation  obtained  by  the  different  firemen.  The 
highest  evaporation  for  each  group  of  tests  is  taken  at  lOQ  per 
cent. 

17.  Considerable  differences  are  shown  between  the  level 
fire  firemen.  It  is  very  clear  too,  that  the  second  test  made  by 
some  of  the  men  shows  a  very  decided  improvement  over  the 
first  trial  on  the  Test  Plant. 

18.  In  the  case  of  fireman  Bl,  with  a  bank  fire,  in  test  No.  1278, 
an  evaporation  of  6.89  pounds  per  pound  of  coal  is  shown,  while 
on  the  next  test.  No.  1282,  made  by  the  same  fireman,  an  evapora¬ 
tion  of  7.99  pounds  was  obtained,  an  increase  of  about  14  per 
cent,  and  a  saving  of  961  pounds  of  coal  in  the  second  test.  This 
would  be  a  saving  of  about  2800  pounds  over  a  100  mile  division. 


Temperature  Near  Firedoor. 


19.  At  a  point  near  the  firedoor  a  thermometer  was  sus¬ 
pended  and  observations  of  the  temperature  were  made  for  each 
kind  of  firing,  with  the  following  results : 

In  test  No.  1283,  level  fire,  the  temperature  was  117°  F. 
u  u  ((  1281  114°  F 


Average 


116° 


In  test  No.  1282,  bank  fire,  the  temperature  was  104°  F. 
“  "  “  1280  "  "  “  "  “  94°  F. 


Average 


99' 


There  is  here  an  average  difference  of  17  degrees  between  the 
bank  and  level  fire. 
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Evaporation  P^r  Pound  of  Coal. 

20.  On  diagrams  Fig.  4  and  Fig.  5  the  results  of  the  tests  are 
plotted  to  show  the  evaporation  per  pound  of  coal. 

21.  In  the  tests  at  100  revolutions  per  minute  the  range  of 
coal  fired  per  square  foot  of  grate  is  from  85  to  over  105  pounds. 
The  best  results,  or  highest  evaporation  per  pound  of  coal,  are 
for  the  bank  fire  as  fired  by  fireman  B2.  These  tests  are  Nos.  1287 
and  1291,  and  it  will  be  noted  that  they  were  the  last  tests  fired 
by  this  fireman,  showing  that  this  fireman  improved  in  his  firing 
by  experience  at  the  Plant.  Fireman  Tl  and  T2  in  addition  to 
their  road  firing  had  had  considerable  experience  at  the  Plant, 
firing,  between  them,  seventy -five  tests,  and  the  results  of  their 
w'ork  with  the  level  fire  are  very  close  together.  At  100  rev¬ 
olutions  per  minute,  the  difference  in  the  evaporation  per  pound 
of  coal  between  the  tests  Nos.  1281  and  1293,  by  these  two  firemen, 
is  but  four-hundredths  of  a  pound.  At  80  revolutions  per  minute, 
fireman  Tl  duplicates  his  two  tests.  Nos.  1275  and  1288,  within 
one-tenth  of  a  pound. 


Smoke. 

22.  Observations  of  the  smoke  by  the  Ringelmann  method 
were  made  at  10  minute  intervals  during  each  test,  and  the  re¬ 
sults  are  conflicting.  (See  Tables  1  and  2.)  With  Eureka  coal 
at  13  miles  per  hour  the  level  fire  shows  the  most  smoke.  At  the 
same  speed  and  Pittsburgh  coal  the  level  fire  again  shows  the 
most  smoke.  At  17  miles  per  hour  with  Pittsburgh  coal  the  bank 
fires  show  the  most  smoke. 


Gas  Analysis. 

23.  The  amount  of  carbon  monoxide  (CO)  in  the  smokebox 
gases  is  dependent  upon  the  completeness  of  the  combustion, ,  a 
large  amount  of  CO  indicating  insufficient  air  supply  and  con¬ 
sequent  incomplete  combustion. 

24.  An  inspection  of  the  smokebox  gas  analysis  does  not 
show  any  marked  difference  between  the  two  methods  of  firing. 
The  least  quantity  of  CO  was  obtained  in  bank  fire  test  No.  1291. 


EQUIVALENT  EVAPORATION  PER  POUND  OF  DRY  COAL. 
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Fig.  4. 

EVAPORATION  PER  POUND  OF  COAL  AND  RATE  OF  FIRING, 

The  test  number  is  shown  for  each  point.  The  results  are  influenced  more  by  the  skill  of  the  fireman  than 
by  the  method  of  firing. 


Y. 


EQUIVALENT  EVAPORATION  PER  POUND  OF  DRY  COAL. 


.U'l 


Fig.  5. 

EVAPORATION  PER  POUND  OF  COAL  AND  RATE  OF  EVAPORATION. 

Under  the  same  conditions  of  running,  there  is  much  difference  in  the  results  with  the  different  firemen 
regardless  of  the  method  of  firing. 


TEMPERATURE.  DEGREES  FAHRENHEIT. 
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Fig.  6. 

TEMPERATURES  IN  FIREBOX  AND  IN  SMOKEBOX. 

There  is  no  apparent  difference  in  temperature  due  to  the  method  of  firing 
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Draft  and  Thickness  of  Fire. 

25.  The  intensity  of  the  draft  at  any  speed  and  cut-off  de¬ 
pends  upon  the  thickness  of  the  fire,  and  as  the  draft  does  not  seem 
to  have  been  affected ’by  the  method  of  firing,  we  may  assume  that 
the  average  thickness  was  the  same  in  both  the  level  and  bank 
firing.  The  reason  for  the  draft  not  being  greater  in  test  No.  1278, 
where  a  thick  fire  was  carried  at  the  back  end,  is  that  the  fire  was 
very  thin  in  front  and  most  of  the  air  supply  for  the  fire  came 
through  that  portion  of  the  grate. 

Conclusions. 

26.  Of  the  two  methods  of  firing,  the  results  for  the  bank 
firing,  as  practiced  at  the  Locomotive  Test  Plant  during  these  tests, 
show  a  slightly  higher  evaporation  of  water  per  pound  of  coal. 
This  is  based  on  the  results  where  a  short  bank  was  used.  The 
large  bank  will  be  referred  to  later.  The  result  in  favor  of  the  bank 
firing  is  due,  possibly,  more  to  the  skill  of  the  fireman  than  to  the 
methods  used.  It  would,  therefore,  seem  safe  to  conclude  that  the 
amount  of  coal  used  with  the  low  bank  fire  and  with  the  level  fire 
are  the  same. 

27.  If,  however,  the  method  of  firing  as  practiced  by  fireman 
B1  in  test  No.  1278  is  followed,  the  results  are  much  less  satisfactory 
than  with  the  level  fire.  As  the  bank  firing  employed  in  test  No. 
1278  was  used  in  the  first  test  with  a  coal  from  the  Lines  West  of 
Pittsburgh,  it  would  appear  that  the  size  of  the  bank  and  the 
method  of  firing  with  it  was  the  style  of  the  bank  fire  that  had  been 
claimed  to  be  more  economical  than  the  level  fire.  This  method 
of  bank  firing  is  undoubtedly  proved  to  be  far  from  economical 
as  compared  with  level  firing,  and  the  fact  that  fireman  Bl,  who 
formerly  advocated  this  method  of  firing,  changed  to  the  small 
form  of  bank  after  seeing  the  results,  seems  to  be  good  evidence 
that  the  large  bank,  as  first  tried,  was  in  his  estimation  not  to  be 
compared  in  economy  with  level  firing. 

28.  It  should  be  emphasized  particularly  that  in  speaking  of 
bank  firing  as  a  method,  the  size  of  the  bank  which  is  to  be  em¬ 
ployed  must  be  clearly  understood.  The  general  statement  that 
bank  firing  and  level  firing  can  be  placed  on  a  par,  so  far  as  econ¬ 
omy  in  fuel  is  concerned,  is  misleading,  unless  a  description  of  the 
bank  method  of  firing  is  given. 
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29.  The  idea  of  the  larger  bank  seems  to  be  that  it  forms  some 
protection  for  the  fireman  against  the  heat  radiated  through  the 
firedoor  and  permits  the  firing  to  be  done  largely  at  the  back  end 
of  the  firebox,  the  coal  or  partly  consumed  coal  working  its  way 
forward.  It  is  this  method  of  bank  firing  which  has  been  shown 
to  be  uneconomical. 

31.  The  method  of  bank  firing  with  the  low  bank  does  not 
require  all  the  coal  to  be  fired  at  the  back  end,  but  requires  firing 
in  much  the  same  way  as  with  the  level  fire.  The  temperature 
near  the  firedoor  from  this  form  of  bank  has  been  shown  to  be  from 
10  to  23  degrees  Fahrenheit  less  than  with  the  level  fire. 

32.  These  trials  were  made  on  a  single  locomotive,  one  having 
a  wide  grate  and  a  comparatively  shallow  firebox  or  a  firebox  in 
which  the  firedoor  and  lower  tubes  are,  comparatively,  near  the 
grate.  With  a  very  deep  and  narrow  firebox  the  conclusions 
probably  do  not  apply,  neither  do  they  apply  to  all  eoals.  It  is 
assumed  that  they  do  apply  to  the  great  majority  of  locomotives 
on  our  own  lines. 

33.  Unless  the  bank  is  high  it  does  not  protect  the  fireman 
from  the  heat  of  the  fire  to  any  great  extent,  and  when  it  is  high 
enough  for  this  purpose,  or  when  it  extends  above  the  top  of  the 
firedoor,  very  poor  results  are  obtained  from  the  boiler.  With  the 
bank  extending  above  the  door  opening  the  firing  must  of  necessity 
be  performed  in  a  haphazard  manner,  as  the  surface  cannot  be  seen. 

Recommendations. 

34.  We  recommend  that  the  instructions  to  firemen  to  fire 
by  the  level  fire  method  be  continued  in  force  (Par.  11  and  28,  and 
Par.  5  Circular  81  A,  Bulletin  16). 


Approved : 

J.  T.  WALLIS, 

Genl.  Supt.  Motive  Power. 

Test  Department, 

Altoona,  Penna. 

November  15,  1912. 


C.  D.  YOUNG, 
Engineer  of  Tests. 
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M.  P.  8Q4A 
Dx  lOK 


T  •  1007 


Pennsylvania  Railroad  Company 

Philadelphia*  Baltimore  &  Waahmoton  Railroad  Compafiy 
Northern  Central  Railway  Company 
West  Jersey  A.  Seashore  Railroad  Company 


LOCOMOTIVE; 

TYPE  2-8-0 

CLASS . H6b  _ 

NUMBER  .  2860  Average  Results  of  Locomotive  Tests 
SUBJECT:  Bank  Versus  Level  Firing  Altoona,  Pa., 


TEST  OEF»ARTtV<EIMT 


TEST  NOS.,  . 

1275  to  1293 
9-5-1908 


Driving  Wheels 

Piston  rods,  Diameter 

1 

Number  of  Pairs  _ 

4 

inches 

2 

Approx.  Diameter,  inches 

56 

74 

High  Pressure  . _  _  4  _ 

164 

Engine  Truck  Wheels 

76 

Low 

156 

14 

Number 

2 

Tail  Rods,  Diameter, 

156 

16 

Diameter,  inches ..  _ 

.  30 

INCHES 

157 

Trailing  wheels 

78 

High  Pressure _  _ _ 

*168 

16 

Diameter,  inches 

- 

80 

Low  “  ’  aa 

169 

Wheel  Base,  Feet 

Valves 

17 

Driving  Wheel  Base 

16.25 

82 

Type  _  Piston _ 

18 

Total  Wheel  Base 

24,84 

83 

Design  Amor.Bal.Yalvo  Co.,- 

19 

Gageof  Wheels  _ 

4.76 

84 

Per  Cent.  Balanced  100 

WEIGHT  OF  engine  WITH  WATER 

86 

Type  of  Valve  MotionWSklSOhAertS 

160 

AT  20.  GAGE  COCK  AND 

NORMAL 

Greatest  valve  Travel 

FIRE.  POUNDS 

86 

High  Pressure,  inches  6.25  .. 

20 

On  Truck  .  _ 

21667 

88 

Low  ‘  "  _ - _ 

2  1 

"  1st  Drivers 

46667 

STEAM  lap  of  valve 

162 

22 

*•  2d  *  _ 

42583 

90 

High  Pressure,  inches  .91 

163 

23 

“  ;?H  • 

47500 

94 

Low  “  “  _ -r- _ 

167 

24 

“  4th  “  _  . 

40850 

Exhaust  lap  of  Valve 

26 

“  Sth  * 

,  ,  , 

98 

High  Pressure,  inches  . .  *06  - 

168 

102 

Low  “  *■  — 

169 

27 

Total  _ _ 

198267 

Boiler 

28 

“  on  Drivers 

176600 

113 

Type  Belpalro. vide  firetox 

171 

Cylinders 

114 

Out|ide  Diam.  1$t  Ring  71.16 

Diam.  and  Stroke,  H  P 

22  z  28 

Tubes 

172 

m  a  IP 

116 

Number  „  .  373 

clearance  in  per  cent,  cf  piston 

116 

Outside  Diam.,  inches  2 

173 

displacement 

Pitch  “  2.6875 

40 

H.  P.  Right,  Head  End 

12.5 

lie 

Length  Between  Tube 

174 

4  1 

‘  "  Crank  “ 

10,7 

Sheets,  inches  164,26  . 

42 

*  Left,  Head  "  .  .. 

12.2 

119 

Total  Fire  Area,  sq  ft.  6.23 

43 

‘  “  Crank  " 

10.8 

124 

Boiler  Pressure,  pounds  205 _ 

44 

L.  P.  Right,  Head  " 

...w 

Superheater 

46 

“  •  Crank  “ 

—  _ 

126 

Number  of  Tubes 

46 

“  Left,  Head 

126 

Outside  Diam.  “  inches  _  — 

47 

•  “  Crank  “ 

— 

128 

Length  of  “  “ _ _ 

RECEIVER,  Cubic  feet 

Firebox,  inside,  inches 

48 

Volume  Right  Side  _  _ 

_ —... 

132 

Length  118.32 

49 

•  Left  “ 

— 

133 

Width  66,04 

STEAM  PORTS,  Inches 

137 

Air  Inlets  to  Ashpan, 

60 

H.  P.  Admission,  Length  . 

30- 

sq.  ft.  “  7,66 

6  1 

•  ■  “  Width 

2 

Grates 

68 

L.  P.  “  Length 

... 

144 

Type  Rooking  Finger 

69 

•  “  Width 

146 

Grate  Area,  sq.  ft._  46.66 

66 

H.  P.  Exhaust,  Length  Ho  Port 

146 

Area  of  Dead  Grates  0 

67 

'•  “  Width  •• 

m 

70 

L.  P.  “  Lengtli 

— 

7  1 

•  *  Width 

HEATING  SURFACE, 

Square  Feet 


Of  the  Tubes,  Water  Side 

“  “  '  Fire  " 

“  “  Firebox,  "  " 

“  “  Superh’r,  “  “ 

Total,  Based  on  “ 


2673.68 

2339,23 

166.06 

2605,29 


2839,74 


of  Firebox  and 
Waterside  of  Tubes 

BOILER  VOLUME 
WITH  WATER  SURFACE  AT  LEVEL 
OF  2D  GAGE  COOK 

Water  Space,  cu.  ft.  349.7 

Steam  “  '  “  _  83.1 

Exhaust  nozzle 
Double  or  Single  Single 

Size,  inches _  5.63 

Area, sq.  inches  24,89 

REVERSE  LEVER 
H.  P.  Notches  Forward  of  Center 
L.  P.  Notches  Forward  of  Center 
RATIOS 

Heating  Surface  Cl58)  to 
Grate  Area  (145) 

Fire  Area  Thru  Tubes  (119) 
to  Grate  Area  (145) 

Firebox  Heating  Surface  (156) 
to  Grate  Area  (145) 

Tube  Heating  Surface  (155) 
to  Fire  Box  Heating 
Surface  (156) 


22 

51,49 

.13 

3.41 

14.09 


•USED  IN  OALOULATIONS 


Table  3. 

DIMENSIONS  OF  CLASS  H6b  LOCOMOTIVE  2860  USED  IN  BANK  FIRE  TEST. 
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3P-  A-8iilh  Sheet 

» X  n»;-j 

LOCOMOTIVE : 

TYPE  . 

CLASS  H8b 
NUMBER  2860 


Pennsylvania  Railroad  Company 

PHUtdtIphis,  BaHtmore  &  WMkiagloa  Railroad  Compaaf 
Northara  Caat^  Railway  Company 
Wett  Jortay  A  SaatKora  Railroad  Company 

TE3X  DEF=»ARXMENX 


11-d-lO 


FUEL  ;lost  Boreka 
and  Fittsturg^  Coal 


Average  Results  of  Locomotive  Tests 


SUBJECT  :  Bank  Torana  Xtovol  Firing 


Altoona,  Pa.,  8-B4-1908 


TEST 

NUMBER 

RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Ourution 

of 

Tejt, 

Hoiru 

Hilw 

per 

Hour 

Throttle 

Opeeing, 

Full  or 
Pirtlul 

Act  uni 
Cut-off 

Per  Cent, 

.  H.  P. 
Cyllixion 

Uethod 

of 

Firing 

PretMru 

In  Boiler, 
Lbi.  per 

Sq.  Inch 

Drift 

In 

Smoke  6o*, 
Incheu 
of  Water 

Draft 

In 

Ash  Pan, 
Inchu 
of  Wator 

CakriAc 
Value 
of  Dry 

Fuol, 

B.  T.U.perU. 

Cinders 

Collected  in 

Smoke  Box, 

Pounds 
por  Hour 

LP.a.  Cut-enTkretUu 

196 

199 

203 

268  te  271 

21T 

222 

226 

248 

238 

1275 

eo-40*p 

2.5 

13.S6 

Fall 

level 

201.6 

3.5 

0.1 

13743 

TO 

1276 

80^-F 

2*5 

1S*S6 

99 

m 

197.4 

3.5 

0.1 

13743 

108 

1277 

eO«.40-F 

2*5 

13.56 

99 

Bank 

T 

202.0 

3.9 

0.1 

13743 

126 

1284 

,  80-40~P 

1.26 

13.30 

Pull 

Level 

203.0 

3.5 

0.1 

12364 

58 

1285 

80..40.F 

2,50 

13.31 

99 

» 

202.3 

8.6 

0.1 

12364 

33 

1286 

80^-P 

2.50 

13.31 

99 

Bank 

203.S 

3.6 

0.1 

12364 

31 

1287 

80^.40..? 

2«S0 

13.31 

19 

'  m 

202.9 

8.6 

0.1 

12364 

23 

1286 

80-4CL.P 

2.50 

13.31 

19 

level 

201.0 

3.5 

0.1 

12364 

18 

1289 

100-45.F 

2«00 

16.64 

19 

m 

200.3 

5.1 

0.2 

12364 

44 

boiler  performance 


TEST 

Dry  Fuel 
FIrad 
per  Ho«, 
Pounds 

Dry  Fuel 
per  Har. 
Pounds  per 
Sq.Ft.r 
Grata 

Watar 
Oallvared 
ti  BoHa, 
PaMda 
pa  Hwr 

EQUIVALENT  EVAPORATION 
FROM  ANO  AT  212«  F.,  POUNDS 

Bella 

Horse 

Rowa 

(34HU.tfE.) 

Efficiency 
of  Bolla, 

Based 

M 

Faet 

NUMBER 

Pa 

Hea 

Pa  Hoar 
pa8q.Tt 
af  Flia 
Ha^kg  aa. 

Pa 

Paad 

of 

Dry  Fati 

338 

339 

340 

344 

348 

347 

349 

360 

1275 

3185 

64.43 

28938 

23449 

11.36 

9.07 

624.6 

63*74 

U76 

3259 

66.98 

22665 

27162 

10.84 

8.88 

787,3 

56.54 

1277 

30TD 

68.09 

23SS4 

27743 

11.07 

9.04 

804.2 

63*35 

•s 

1284 

3024 

62.15 

23306 

27749 

u.oe 

9.16 

804.3 

71.71 

1265 

3140 

64.53 

22879 

27265 

10.88 

8.66 

790.8 

67.60 

1266 

3207 

65.91 

23309 

27787 

11.09 

0.66 

805.4 

67.65 

1287 

2928 

60.18 

23223 

27670 

11.04 

9.45 

802.0 

73.81 

1288 

2966 

60.96 

22828 

27202 

10.86 

9.17 

786.5 

71.63 

12119 

4531 

J3.12 

30667 

14.59 

8.07 

1059.3 

63.04 

EN6IME  PERFORMANCE 


Prettur* 

I* 

Bnecli  pipe, 
Peua^ 
per  S<|.  le- 


Superhat 

In 

Brunch 

Pipe 

Otfreet  F. 


220 


230 


ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Siam 
to 

Engina, 
Pounds 
pa  Hour 

Indicated 

Hone 

Powa 

Dry  Fuel 

Indicated 
Herat  - 
PavaHea, 
Pounds 

Dry  Staam 

pa 

fadkalad 

Hom 

Poua  Near, 

Pea ado 

Dnwfav 

Pall, 

Paaads 

Dynamemata 

a 

Orawhv 

Horan 

Powa 

Dry  FmI 
pa 

Dyoman. 

Horao 

Para  Hoar, 

.  Farads 

Dry  Siam 

pa 

Dyamom. 

Kara 

Ptwa  Har, 
Poods 

Machint 

Efficiency 

of 

Laewnottvo, 

Pa  Cant 

Thaaal 

Effidancy 

of 

loamotlva, 
pa  Cant, 
(Baaed  on  Fuell 

1  214 

379 

380 

381 

265 

363 

384 

aes 

396 

399 

1276 

23648 

22279 

794.0 

4.9 

29*6 

4.7 

1276 

22679 

21621 

767.0 

4.S 

29.4 

4.4 

1277 

'23017 

22310 

796.1 

5.9 

29*0 

4.6 

1284 

22955 

22536 

802,2 

3.8 

28.6 

5.5 

1265 

22676 

22170 

790,1 

4.0 

28.6 

5.2 

1286 

22994 

22522 

802.7 

4.0 

28,7 

5.2 

1287 

22920 

22192 

790,9 

5.7 

26.0 

5.6 

1288 

22543 

22276 

798.9 

3.7 

28,4 

5.5 

1289 

80291 

1 

23343 

1039.9 

4.4 

29.1 

4.7 

Table  4. 

RESULTS  OF  BANK  AND  LEVEL  FIRE  TESTS, 
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M.  P.  394  A-«l«th  Shoct 

8  X  lojj 

LOCOMOTIVE; 
type  2-8-0 

CLASS  H61» 
NUMBER  2860 


Pennsylvania  Railroad  Company 

Philedelphii,  Baltimore  &  Wathington  Railroad  Company 
Northern  Control  Railway  Company 
Watt  Joriay  &  Soaihoro  Railroad  Company 

TESX  DERARXMENX 


11-0-10 


FUEL: . PlMobureJl 

..Cq&I  C.Q» . 


Average  Results  of  Locomotive  Tests 


SUBJECT:  Banlc  VereoB  Level  Wring 


Altoona,  Pa.,  ,„.8-.24«19P8 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 


TEST 

NUMBER 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hoars 

Miles 

per 

Hour 

Throttle 
Opening, 
Full  or 
Partial 

Actual 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

itethod 

of 

Firing 

Pressure 

In  Boiler, 
Lbs.  per 

Sq.  Inch 

Draft 

In 

Smoke  Box, 
Inches 
of  Water 

Draft 

in 

Ash  Pan, 
Inches 
of  Water 

Calorific 
Value 
of  Dry 

Fuel, 

B.LU.perLb. 

Cinders 

Collected  In 

Smoke  Box, 

Pounds 
per  Hour 

1.  P.  Cst-ott  Tbtettit 

198 

199 

203 

268  te  271 

217 

222 

226 

248 

238 

1290 

100.45.? 

2.00 

16.64 

?ull 

Level 

198.4 

5.3 

0.2 

12364 

46 

1291 

100-45.? 

2.00 

16.64 

m 

Bank 

200.5 

5.6 

0.1 

12364 

35 

1892 

100-45.? 

2.00 

16.64 

m 

« 

198.7 

6.4 

0.2 

12364 

57 

1293 

100-4&.? 

2.00 

16.64 

m 

Level 

197.3 

5.4 

0.2 

12364 

46 

1276 

100-46-? 

2*0 

16.71 

n 

Bank 

193.6 

5.8 

0.1 

12447 

94 

1279 

100-45.F 

2.0 

16.71 

H 

Level 

197.7 

6.7 

0.1 

12447 

102 

1280 

100.46.? 

2.0 

16.71 

M 

Batik 

201.8 

5.8 

0.2 

12447 

54 

1261 

100-46-? 

2.0 

16.71 

m 

Level 

202.0 

5.7 

12447 

20 

1282 

100-45.? 

2.0 

16.71 

n 

Bank 

200.5 

5.7 

0.2 

12261 

48 

100-40-F 

2.0 

16.71 

ft 

Level 

199.7 

5.5 

0.2 

12281 

56 

BOILER  PERFORMANCE 


Dry  Fuel 
Fired 
per  Hour, 
Poundi 


Dry  Fuel 
per  Hour. 
Pounde  per 
Sq.  Ft.  of 
Grate 


Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 


EQUIVALENT  EVAPORATION 

FROM  AND  AT  2120  p.,  POUNDS 


Per 

Hour 


Per  Hour 
per  Sq.  Ft 
of  FIro 
Hcatinq  Sur. 


Por 

Pound 

of 

Dry  Fuel 


Boiler 

Horee 

Power 

(34)4  U.  oft.) 


Efficiency 
of  Bollor, 
Based 
on 
Fuel 


ENGINE  PERFORMANCE 


Pressure 

In 

Branch  Pipe, 
Pouads 
par  Sq  In. 


Superheat 

in 

Branch 

Pipe 

Degrees  F. 


336 


339 


340 


344 


349 


347 


349 


350 


220 


230 


1290 

1291 

1292 

1293 

1278 

1279 

1280 
1281 
1282 


4491 

4118 

4694 

4199 

6169 

5074 

4624 

4408 

4669 


92.30 

84.61 

96*47 

86.29 

106.28 

104.28 

96.03 

90.69 

96.95 


30668 

30478 

30607 

30056 

29965 

31376 

31736 

31747 

31343 

51297 


36541 

36351 

36722 

35807 

85597 

37306 

37753 

37764 

37287 

37213 


14.59 

14.51 

14.66 

14.29 

14.21 

14.89 

15.07 

16.07 

14.68 

14.86 


6.14 

8.63 

7.82 

8.53 

6.69 

7.35 

8.16 

8.57 

7.99 

7.72 


1059.2 

1063.7 

1064.4 
1037.9 

1031.8 

1061.4 

1094.3 

1094.6 

1080.8 

1078.6 


63.56 

68.97 

61.09 

66.63 

53.46 

57.03 

63.32 

66.50 

62.83 

60.71 


TEST 

NUMBER 


ENGINE  PERFORMANCE 


Dry  Steem 
to 

Englnti, 
Pounds 
per  Hour 


Indicated 

Hone 

Power 


214 


STS 


Dry  Fuel 
por 

Indicated 

Hone 

Power  Hour, 
Pounds 


380 


Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 


381 


LOCOMOTIVE  PERFORMANCE 


Drawbar 

Pull, 

Pounds 


266 


Dynamomotar 

or 

Drawbar 

Hone 

Power 


383 


Dry  Fuel 
per 

Oynamem. 

Horse 

Power  Hour, 
Pounds 


384 


Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 


385 


Machine 

Efficiency 

of 

lecon'otivo, 
Por  Cent. 


393 


Thermal 

Efficiency 

of 

Lecomotlvs, 
per  Cent., 
liattdcnFuel) 


399 


1290 

1291 

1292 
1298 

1278 

1279 

1280 
1261 
1282 
1283 


30297 

30100 

80434 

29691 

29593 

80996 

31554 

51846 

30962 

30862 


23256 

23028 

23093 

22897 

2a91 

22556 

23431 

23185 

23220 

23065 


1036.0 

1026.9 
1026.8 
1020.1 

988*6 

1005.0 

1048.9 

1032.9 
1034.6 
1026.4 


4.8 

4.0 

4.6 

4.1 

5.2 
5.1 

4.4 

4.3 

4.5 

4.7 


29.3 
29*3 
29.6 
29.1 
29.9 

30.8 
30.0 

30.4 

29.9 
30.0 


4.8 
5*1 
4*5 

5.0 

3.9 

4.1 

4*6 

4.7 

4.6 

4.4 


Table  5. 

RESULTS  OF  BANK  AND  LEVEL  FIRE  TESTS 


GRAPHICAL  LOG  OF  TEST. 

The  following  diagrams  show  the  boiler  press¬ 
ure,  speed,  drawbar  pull  and  weight  of  coal  and 
water  for  each  ten  minute  interval  of  the  test.  A 
diagram  is  drawn  for  each  test  and  is  on  file  with 
the  Test  Plant  records.  A  few  representative  dia¬ 
grams  are  shown  here. 
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Sheet  No.  P-465 


M.  P.  Bzpertmental  D-1 

Pennsylvania  Railroad  Company 

PhILAOELFHIA,  BALTtMOfte  St  WA8HIMOTON  RAILROAD  COMPANY 

Northern  Central  Railway  Company 
West  Jersey  4  Seashore  Railp.oao  Company 

TEST  DEPARTMENT  Bulletin 

Graphical.  Log  of  Locomotive  Test 


U  »  1911 
Bz  WH 


No.  12 


Bank  reraus  level  Fire. 


Altoona,  Pa.,  8—17—1908 


UPPER  FIGUPES  «.  p. 
UOWEP  FIGURES  APPROX. 
SPEED  IN  MIUES  PER  HOUR 


LOCOMOTIVE 
Type  2-f8-0 
O  I—  A  s  s  H61) 
Number  £860 


Speco 

in 

per 

Hoii"' 

Revolutions 

per 

Minuts 

Cut-off 

Per  Cent., 

H.  P. 
Cyllnd*;rs 

Throttle 

Oponiiitf 

Full 

or 

Part  al 

Fwaporatio'' 
Pounds  of 
Water  po' 
Pound  nf 

Coal 

13,36 

80 

40 

Pull 

7,57 

T  EST  No. 


Sheet  No. 


1275 


P-465 
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Sheet  No.  P“466 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

Philadclphia.  Baltimoac  ^  Washington  Railroad  Company 
Nonthcrn  Ccntral  Railway  Compant 
West  Jersey  A,  Seashore  Railroad  Company 

TEST  DEPARTMENT  BollOtlM 

Graphical  Log  of  Locomotive  Test 


13  »  1911 
«slOH 


No.  12 


Bank  Versus  Level  Fire 


Altoona,  Pa.,  8—18— 1998 


UPPER  FIGURES  R.  P.  M 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


LOCOMOTIVE 

Type  B-8-9 
Class  H6b 
Number  *880 


so  I  )0  20  30  40  SO  2 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Speed 

in 

Miles 

per 

Hour 

.  Revolutions 

9^ 

SMouio 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

PtrtinI 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

13*56 

80 

40 

full 

6.96 

Test  No. 


1276 


Sheet  No.,* 


Bn466 
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Sheet  No.  P«467 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

PHn.AOCi.PHiA,  BALTtiiK>nc  d.  Waohihgton  Railroad  Company 
Northcrn  Ccntral  Railway  Company 
WCCT  JCROCY  d  SCASHORC  RailROAO  COMPANY 

TEST  DEPARTMENT  Bulletl* 

Graphical.  Log  of  Locomotive  Test 


a  I9U 


NO.  12 


Bank  Tersvs  LotbI  Plre 


Altoona.  Pa..  8«18~1908 


UPPER  PlOURES  R.  P.  M. 
LOWER  .  IGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


Locomotive 

Type  2wIL0 
Class  H6b 
Number 


30  40  SO  to  20  30  40  50  2 

LENGTH  OF  T  E  ST--  M  I  N  UTE  S  AND  HOURS 


Sp««o 

in 

NH« 

!»•' 

Hour 

Revolutions 

Mjnutf 

Ciit-oft 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

er 

Pertiil 

Eueporition 
Poundt  of 
Witer  per 
Peand  of 

Coal 

I8t86 

ao 

40 

ftai 

7,1B 

Test  No.  1277 


Sheet  No. 
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M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

PMILkaCLPHIA,  BALTIMOM  t  WAaMMOTON  RAILROAD  COMPANY 

Northirn  Cchtral  Railway  Company 

Wt«T  JCR«CY  a  SlAaHDRE  RAILROAD  COMPANY 

Sheet  No.  F-468  test  department  BulletlTi  No. 

Graphical  Log  of  locomotive  Test 

Bank  versus  Level  Fixe  Altoona,  pa.. 
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O  lO  20  30 

;:U»»PCRriOU«FSR.P.M 

LOWER  FIGURES  ARPROX 

SPEED  IN  MILES  PER  HOUR 

LOCOMOTIVE 

Type 

Class 

Number  *860 

AO  BO  1  to  20  30  AO  50  2 

EiNGTH  OF  test — MINUTES  AND  HOURS 

30 

40  S 

1 

Spaed 

in 

Mllai 

Hour 

.  Ravoiatiaai 
PAf 

Mhute 

r  A  «>  Throttle 

Cot-on  ^  , 

';.T-  'T 

fvaporatio*' 
Poyods  of 
Water  per 
fotrad  of 

Coal 

Test  No.  1278 

10.7] 

L  100 

46  Fall 

6«69 

Sheet  No.  ^*466 

29 
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Sheet  No.  P-469 


M  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

pMtcAocLPHiA.  Baltimore  Washinuton  Rahroao  Company 
Northern  Ccnthal  Raicway  Company 
WC9T  Jersey  vi  Seashore  Railroad  Compan> 

TEST  DEPARTMENT  Bulletin 

Graphical  Log  of  locomotive  Test 


M  tf  toil 

H  X  lOH 


NO.  12 


Baxxk  versus  Level  Fire, 


Altoona, 


PA.  8>20.190e 


UPPER  EIGURES  «.  P. 
L-OWER  FIGURES  APPROX. 
SPEED  IM  MILES  PER  HOUR 


LOCOMOTIVE 

Type  2-8-0 
Class  H6b 
Number  2060 


Sp»?e0 

pe* 

Ho'.f 

H*;  volution^ 
per 

M'nuts 

Pfr  Cm*  . 

H.  P. 
CYl'n.l'.' 

Tnrottir 

Oppniry 

Fu! 

EvAporatiO' 
Pounds  of 
Water  pe 

Pound  nf 

16.71 

100 

46 

Pull 

6.07 

Test  No.  1279 


Sheet  No. 


P-^69 


30 


Sheet  No.  P-<470 


M.  H.  Experimental  D-1 

Pennsylvania  Railroad  Company 

pMttAocLPHiA,  Baltimore  A.  Washington  Railroao  Company 
Northern  Central  Ra<lwa>  Company 
West  Jersey  a  Seashore  Railhoao  Companv 

TEST  DEPARTMENT  Bulleti*  NO 

Graphical  Log  of  Locomotive  Test 


I'i » 1*11 
R  I  loH 


12 


Bank  versxis  Level  Fire 


AlTOONA,  Pa..  8-20.1908 


R.  p  M 

lO'WFP  !  G  U  R  E  s  a  PPROX. 
S^^EED  IN  M  i.ES  PER  MOUP 


LOCOMOTIVE 
Tv  PE 

Class  S6B 
NUMBER  2860 


length  of  test—  minutes  and  hours 


Spi-en 

n 

Mites 

per 

Ho'  • 

Revolutions 

pe- 

M  n  te 

tvt-of? 

Per  Cent.. 

H.  P. 

CvltAdtjr-, 

Thfolti'- 

Openii 

Full 

or 

Part'll 

Fvapuratio'* 
Pounds  of 
Water  pt- 
Pound 

Coal 

16,71 

100 

45 

Pull 

6,74 

Test  no. 


1280 


Sheet  No.  P— 470 
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Sheet  No.  B-471 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

Philaoelphia.  Baltimore  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  dL  Seashore  Railroad  Company 

TEST  DEPARTMENT  Bulletin  NO. 

Graphical  Log  of  Locomotive  Test 


12  »  1911 
8zlOH 


12 


Bank  Versus  Level  Fire 


Altoona.  Pa.,  8^21-1908 


lO 


;:;UPPER  FIGURCS  P.  P.  M. 
LOWEP  FIOUR  E3  APPROX. 
SPEED  IN  MILES  PER  HOUR 


LOCOMOTIVE 

Type 

Class  R6b 
Number  2860 


20 


30 


40 


SO 


I  lO  20  30  40  50  2  ‘ 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


40 


SO 


Speed 

In 

Miles 

per 

Hour 

Revolutions 

por 

Mlnuto 

Cut-off 

Por  Cent., 

H.  P. 
Cylinders 

Throttle 
Openintr 
Full  ‘ 
or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

16.71 

100 

45 

Full 

7,15 

Test  No.  1281 


Sh  eet  No. 


P-471 
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M.  P.  SKperlmencal  D-l 

Pennsylvania  Railroad  Company 

^«H.AOCLPH|A.  BALTIMORC  4  WASHINGTON  RAltAOAO  COMrANV 
Noatmcw*  CCNiNAi.  Railway  Company 
wcsT  J&nacy  S  Scashoac  Railnoao  Company 

Sheet  No.  P*-47JI  test  department  Boll>stla  No  12 

Graphical  Log  of  locomotive  Test 


IS  9  19U 

8  s  ib'H 
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M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 


13  9  1311 
8zlOH 


Sheet  No. 

BsobIc  Teraus  Laval  Fli’a, 


PHILAOCLPHtA.  BACTIMORC  dfr  WaSHINQTON  RAILROAO  COMPANY 
Northern  Central  Railway  Company 
West  Jersey  &,  Seashore  Railroad  Company 

TEST  DEPART MENT 

Graphical  Log  of  Locomotive 


12 


Balletla  No. 

T  EST 

Altoona,  Pa.,  9ol-1908 


sh  UPPER  FIGURES  R.  P.  M. 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


LOCOMOTIVE 

Type  2«i»S-0 
Class  H6b 
Number  2860 


I  to  20  30  4.'^  SO  2 

LENGTH  OF  TEST — MINUTES  AND  HOURS 


Speed 

in 

Miles 

per 

Hour 

.  Revolutions 
per 

Minute 

Cut  .off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening 

Full 

or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

13,31 

80 

40 

?«11 

7wll 

Test  No.  1286 


Sheet  No. 


P-473 


34 


Sheet  No.  P-474 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

Philaoelphia,  BALTiMOKe  db  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  &  Seashore  Railroad  Company 

TEST  DEPARTMENT  BullRtiS 

Graphical  Log  of  Locomotive  Test 


11  »  1*11 
8i  ib  K 


No. 


12 


Bask  verstis  Level  Fire 


Altoona,  Pa..  9^^1908 


:!••  UPPER  FIGURES  R.  P.  M. 
LOWER  FIGURES  APPROX. 
SPEED  IN  MILES  PER  HOUR 


LOCOMOTIVE 

Type  2*»8pO 
Class  H6b 
Number  2860 


30  40  50 


LENGTH  OF  TEST - MINUTES  AND  HOURS 


Speed 

in. 

Milei 

per 

Hour 

Ruvolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 

Cylinder'- 

Throttle 
Openlni; 
Full  ' 
or 

Partial 

Evaporation 
Pounds  of 
Water  per 
Pound  of 

Coal 

16*64 

100 

45 

mi 

6*65 

Test  No. 


1289 


Sh  e  et  No. 


P-474 
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Sheet  No. 


P-476 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

Phivaoccphia,  Baltimore  ^  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  d.  Seashore  Railroad  Company 

TEST  DEPARTMENT  Bulletin 

Graphical  Log  op  Locomotive  Test 


12  9  1911 
8x  lOK 


NO.  12 


Bank  versus  Level  Fire 


Altoona,  pa..^'  3»190S 


FIGURES  R.  P.  M 
LOWER  FIGURES  APPROX. 
SREEO  IN  MILES  P^R  HOUR 


LOCOMOTIVE 
Type  2-8-0 
Class  H61) 
Number  2860 


Speed 

in 

Milet 

per 

Hour 

Revolutions 

per 

Minute 

Cut  H)  IT 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Opening- 

Full 

or 

Partml 

Evaporillon 
Pounds  of 
Wntnr  per 
Pound  of 

Coal 

16.64 

100 

46 

Fall 

6.69 

Test  No. 


129f 


Sheet  No. 


P-476 
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Sheet  No.  P‘*476 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

Philaoclphu,  Bautimorc  Sb  Washington  Railroad  Company 
Northern  Ccniral  Railway  Company 
West  Jersey  &  Seashore  Railroao  Company 

TEST  DEPARTMENT  BUllStlH 

Graphical  Log  of  locomotive  Test 


IJ  »  lUl 
8x  laH 


No. 


12 


Bank  Tersxis  LotoI  Fire 


Altoona,  Pa..  9-4-1906 


UPPER  FIOUPES  R.  P.  M 
LOWER  FIGURES  APPROX. 
SPEED  .N  MILES  PER  HOUR 


Locomotive 
Type  2-6-0 
Class 


NUMBER  2660 


Speed 

in 

Milet 

per 

Hear 

RevolutlcRi 

ptr 

Min^uU 

Cut-off 

Per  Cent,, 

H.  P, 
Cylinders 

Throttle 

Opening 

Fell 

or 

Partiel 

Eviporatlo'i 
Pounds  of 
Water  pet 
Pound  of 

Coal 

16.64 

100 

45 

Fall 

7.24 

Test  No.  1291 


Sh  e  et  N  o. 


?.i476 
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Sheet  No. 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

PHILAOCLPHIA,  dALTIMONC  A,  WASHINGTON  RAILNOAO  COMPANY 

Northcrn  Ccntaal  Railway  Company 
West  Jersey  a  Seashore  Railroad  Company 

TEST  DEPARTMENT  Bulletin 

Graphical  Log  of  Locomotive  Test 


11  »  lilt 


No 


12 


Bank  Yerstts  l.evel  Ylre 


Altoona,  Pa  . 


9-4-1906 


o  \o 

2  O 

30  AO 

so 

u  R 

»„ow  e  R 

SPEED 

F  1  G  U  R  E  S 

FIGURES 

•  MILKS 

R  .  P .  M 

APPROX 

E  R  HOUR 

L.E  NG 

'H 

locomotive 

Type  ^8-0 
Class  H6b 
Number  2660 


Spef'i 

n 

OP' 

Ho. 

Revolutioof 

par 

Mifibte 

Cut-off 

Par  Cent., 

H.  P. 
Cylinder! 

Throttl*- 

Opening 

FuK 

or 

Parl'sl 

Evaporation' 
Pounds  of 
Water  per 
Pound  «f 

Coai 

16.64 

100 

46 

Ftill 

6.42 

T  EBT  No. 


1292 


Sheet  No.  P’*477 
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Sheet  No,  P-478 


M.  P.  Experimental  D-1 

Pennsylvania  Railroad  Company 

Phuaoclphi#.  Baltimore  &  Washinuton  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  &  Seashore  Railroad  Company 

TEST  DEPARTMENT  Bullotltt 

Graphical  Log  of  Locomotive  Test 


VJ  9  I»ll 

«»  loH 


Bank  versus  Level  Fire 


Altoona,  Pa,, 


9-5-1908 
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UPPER  FIGURES  R.  P.  M 
LOWER  F  I  GU R E S  A PPROX  . 
SPEED  IN  MU.  ES  PER  HOUR 


Locomotive 
Type  2-4M> 
Class  H6b 
Number  ^860 


30  40  50  I 

LENGTH  OF  TEST 


Spct‘«.1 

in 

M*!es 

par 

Hoii' 

Revolutions 

per 

Minute 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Throttle 

Openii'g 

Full 

or 

Partial 

Evaporalio" 
Pouniis  of 
Water  per 
Pound  of 

Coat 

16,64 

100 

45 

Pull 

7.01 

PENNSYLVANIA  RAILROAD  COMPANY 


TEST  DEPARTMENT 

Locomotive  Testing  Plant 

Fuel  Economy  Tests 

Circular  No.  81 


•  '  .  ■  '  ;y- : 
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LOCOMOTIVE  TESTING  PLANT. 


LOCOMOTIVE  TESTS 

IN  CONNECTION  WITH  CIRCULAR  No.  81,  “INSTRUCTIONS  TO 
ENGINEMEN  AND  FIREMEN  FOR  THE  ECONOMICAL 

USE  OF  FUEL,” 


Conclusions. 

The  tests  at  the  Locomotive  Testing  Plant  cover  but  a  few 
of  the  items  of  Circular  No.  81,  and  the  items  investigated  show 
the  following: 

First. — A  saving  of  fuel  will  result  if  the  instructions  are 
carefully  followed. 

Second. — On  the  class  “H6b”  locomotive,  having  a  grate 
area  of  about  50  square  feet,  there  must  be  burned  upwards 
of  20,000  pounds  of  coal  before  the  ashes  that  accumulate  on 
the  grate  will  have  a  marked  effect  upon  the  fire. 

Third. — There  are  some  coals  which  form  a  large  amount 
of  clinker  in  the  fire,  and  to  these  the  above  conclusions  do 
iiot  apply;  there  seems  to  be  few  of  such  coals. 

Fourth. — A  clean  fire  is  at  all  times  the  most  economical. 

Fifth. — Regular  firing  of  coal,  in  small  quantities,  according 
to  the  demand  for  steam,  gives  better  results  than  irregular 
firing  where  large  quantities  of  coal  are  fired  with  long 
intervals  between  firing.  The  loss  in  evaporation  with  irregular 
firing  was  about  9  per  cent,  for  the  single  trial  that  was  made. 

Sixth. — Under  ordinary  conditions,  the  fire  door  should  be 
kept  on  latch,  but  when  the  locomotive  is  working  easily  it  is 
best  to  close  the  door,  except  for  a  short  time  just  after  firing. 
When  the  evaporation  was  about  eleven  pounds  per  square 
foot  of  heating  surface,  with  this  locomotive,  the  saving  in  coal 
was  about  12.5  per  cent,  by  keeping  the  door  on  latch. 

Seventh. — Irregular  boiler  feeding  not  only  wastes  steam 
at  the  safety  valves  at  low  water  levels,  but  on  one  test  shows 
a  loss  in  evaporation  of  about  15  per  cent,  over  regular  feeding. 
The  loss  or  waste  of  coal  is  450  pounds  per  hour,  or  12.5  per 
cent.,  and  for  a  one-hundred-mile  run  the  coal  fired  would  be 
23,238  pounds  with  regular  boiler  feeding  and  26,648  pounds 
with  irregular  feeding,  a  difference  of  3140  pounds  of  coal. 


4 


Eighth. — It  requires  a  steam  leak  of  considerable  size  in  the 
cylinders  to  affect,  appreciably,  the  economy  of  the  engines  of 
the  locomotive,  though  a  leak  of  any  size  will  reduce  the  power 
developed. 

Ninth. — A  leak  at  the  cylinder  cocks  is  not  so  wasteful  as  one 
at  the  piston  rod  packing  or  at  the  steam  chest. 

Tenth. — The  loss  in  drawbar  pull,  due  to  failure  in  main¬ 
taining  a  good  boiler  pressure,  can  best  be  illustrated  by  the 
following  comparison  taken  from  one  of  the  tests:  At  200 
pounds  boiler  pressure  the  drawbar  pull  was  21,800  pounds  and 
at  191  pounds  pressure  it  was  20,400  pounds,  a  loss  of  1400 
pounds  with  a  decrease  of  only  9  pounds  boiler  pressure,  or  a 
loss  of  6  per  cent,  in  drawbar  pull. 


LOCOMOTIVE  TESTS 

IN  CONNECTION  WITH  CIRCULAR  No.  81,  ‘‘INSTRUCTIONS  TO 
ENGINEMEN  AND  FIREMEN  FOR  THE  ECONOMICAL 

USE  OF  COAL.” 


Fuel  Economy. 

1.  It  is  estimated  that  fully  one-fourth  of  all  the  coal  mined 
is  used  in  locomotives,  and  on  the  Pennsylvania  Railroad  the  cost 
of  fuel  is  one  of  the  largest  single  items  of  expenditure  in  con¬ 
ducting  transportation. 

2.  In  an  endeavor  to  lessen  some  of  the  wastes  of  fuel 
which  are  known  to  occur,  a  circular  of  instruction  was  issued  to 
enginemen  and  firemen  (see  copy  attached)  June  1,  1908. 

Meeting  of  Road  Foremen. 

3.  On  September  9,  1908,  all  road  foremen  and  assistants 
were  called  to  Altoona  for  a  discussion  of  this  Circular  81,  and 
their  suggestions  were  asked  as  to  what  tests  could  be  undertaken 
on  the  Locomotive  Testing  Plant  to  try  out  some  or  all  of  the 
means  of  coal  saving  outlined  in  the  circular. 

4.  The  result  of  this  conference  was,  that  it  would  be 
possible  to  make  the  following  tests: 

(а)  For  item  No.  3,  steam  leaks,  a  small  leak  could  be  made 
in  each  cylinder  and  the  loss  of  steam  determined. 

(б)  For  item  No.  4,  admission  of  air  through  the  grates,  a 
test  to  be  made  without  shaking  the  grates  and  without 
previous  cleaning  of  the  fire. 
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CIRCULAR  81 -A 

Instructions  to  Enginemen  and  Firemen  for  the  Economical 

Use  of  Coal 

(Superseding  Instructions  No.  81,  dated  June  1,  1908.) 

1.  Enginemen  and  firemen  must  work  together  so  as  to  save 
coal  and  reduce  smoke. 

2.  Enginemen  and  firemen  when  taking  charge  of  a  loco¬ 
motive  must  see  that  the  fire,  grates  and  ash  pan  are  in  good 
condition  so  as  to  prevent  engine  failures  on  the  road. 

3.  Enginemen  must  include  in  their  reports  on  M.  P.  Form 
62  all  defects  causing  leaks  of  steam  or  water  in  any  part  of  the 
locomotive,  as  the  repairs  of  these  defects  will  avoid  loss  of  coal. 

4.  The  burning  of  bituminous  coal  in  a  locomotive  requires 
air,  which  must  be  admitted  through  the  grates  and  through  the 
fire  door. 

Smoke  means  waste  of  coal  and  must  be  avoided. 

Large  quantities  of  coal  placed  in  the  firebox  at  one  time  cool 
down  the  fire,  cause  smoke  and  waste  coal;  small  quantities  at 
regular  intervals  will  keep  the  fire  bright,  prevent  smoke  and  take 
less  coal  to  keep  up  steam  pressure. 

Lumps  of  coal  should  be  broken  in  pieces  not  larger  than 
three  inches. 

5.  A  bright  and  level  fire  over  the  whole  grate  must  be 
carried  whenever  possible.  When  a  sloping  fire  is  used,  no  more 
coal  should  be  banked  at  the  door  than  is  necessary. 

6.  To  prevent  smoke  and  to  save  coal,  the  fire  door  must 
be  placed  on  or  against  the  latch  after  firing  coal  or  using  the 
scraper,  slash  bar  or  hook,  and  when  on  sidings,  in  yards,  at 
terminals  or  before*s  tar  ting. 

7.  Before  the  throttle  is  closed,  the  blower  must  be  used 
and  the  door  placed  on  the  latch.  Firemen  must  stop  firing  long 
enough  before  steam  is  shut  off  to  prevent  smoke  and  waste  of  coal. 
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8.  Dead  spots  in  the  fire  must  be  avoided  when  running 
with  throttle  closed,  as  this  frequently  causes  flues  to  leak. 

9.  The  grates  must  be  shaken  as  often  as  is  necessary  to 
clear  the  fire  of  ash  and  clinker  in  order  to  admit  sufficient  air, 
and  in  such  a  manner  as  to  avoid  the  loss  of  good  fire.  Care 
should  be  taken  to  place  the  grates  level  after  each  operation. 

10.  The  waste  of  steam  at  safety  valves  must  be  avoided. 
One  shovel  full  of  coal  is  required  to  make  the  steam  that  escapes 
from  a  safety  valve  in  one  minute. 

11.  The  sprinkling  hose  attached  to  the  injector  must  be  used 
frequently  to  keep  down  dust  on  the  foot  plate  and  in  the  cab  and 
to  wet  coal  in  the  tender.  However,  too  much  water  on  the  coal 
should  be  avoided,  as  to  some  extent  this  practice  is  the  cause  of 
flues  stopping  up. 

12.  Coal  must  not  be  allowed  to  collect  or  remain  on  the 
foot  plate,  but  should  be  swept  into  the  coal  space  of  tender,  and 
not  out  on  the  tracks. 

13.  Engines  must  not  be  brought  into  terminals  with  a  dead 
fire,  which  will  cause  flues  to  leak;  nor  with  too  heavy  a  fire, 
which  will  cause  waste  of  coal. 

14.  When  banking  or  cleaning  fires,  the  blower  should  be 
used  as  lightly  as  possible.  After  the  fire  has  been  cleaned  of  ash 
and  clinker,  the  clean  fire  must  be  placed  at  the  front  end  of  the 
grates  and  maintained  in  good  condition. 

15.  When  cleaning  fires  or  with  a  banked  fire,  excessive  use 
of  the  injectors  must  be  avoided,  as  this  will  result  in  injury  to 
the  flues. 

16.  After  taking  coal  at  coaling  stations,  the  fireman  must 
do  the  necessary  trimming  of  coal  pile,  to  insure  the  prevention 
of  coal  falling  off  of  tenders  while  in  transit,  which  is  both  waste¬ 
ful  and  dangerous  to  passing  trains,  trackmen,  etc. 

17.  Coal  can  be  saved  by  the  proper  use  of  the  injector  in 
pumping  locomotive  regularly,  and  by  taking  advantage  of  every 
opportunity  to  fill  boiler  when  not  working  locomotive  to  full 
capacity;  also  by  using  the  injector  to  avoid  the  safety  valves 
blowing  off. 

18.  Coal  will  be  saved  by  always  working  the  locomotive 
(except  when  starting)  with  a  full  throttle  when  the  cut-off  is  one- 
quarter  of  the  stroke  or  greater;  but  if  one-quarter  cut-off  with  full 
throttle  gives  more  power  or  speed  than  is  needed,  the  reverse  lever 
should  be  left  at  one-quarter  cut-off  aiid  the  throttle  partially 
closed  as  needed. 

A.  W.  GIBBS, 

General  Superintendent  Motive  Power. 

Approved : 

W.  HEYWARD  MYERS, 

General  Manager. 


March  17,  191(1 
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(c)  For  the  third  paragraph  of  item  No.  4,  relating  to 
irregular  firing,  a  test  to  be  made  by  firing  from  6  to  8  shovel¬ 
fuls  of  coal  with  long  intervals  between  firing. 

(d)  For  item  No.  6,  relating  to  the  fire  door,  a  test  to  be 
made  with  the  fire  door  kept  closed,  except  when  actually 
firing,  and  the  same  run  repeated,  but  with  the  fire  door  not 
closed  but  left  against  the  latch. 

{e)  For  item  No.  17,  relating  to  the  handling  of  the 
injector,  a  test  to  be  made  with  the  injector  used  intermit¬ 
tently,  with  large  variations  in  water  level. 

5.  In  addition  to  the  foregoing,  it  was  brought  out  at  the 
meeting  that  road  foremen  would  like  to  know  the  effect  of 
running  the  locomotive  in  a  manner  similar  to  road  conditions; 
that  is,  the  locomotive  to  be  run  for  a  time  at  a  certain  speed  and 
cut-off,  and  then  to  have  the  speed  and  cut-off  increased  as  would 
occur  in  road  service  in  making  a  given  schedule  or  in  overcoming 
grades. 

6.  It  was  also  desired  to  have  made:  A  test  of  lump  coal 
as  compared  with  “  run-of-mine  ”  coal,  and  a  test  to  be  made  with 
the  water  in  the  boiler  at  a  very  high  level,  and  another  reversing 
the  conditions  or  having  the  water  level  as  low  as  possible. 

7.  These  tests  were  undertaken  in  order  that  there  might 
be  established  some  data  in  regard  to  the  extent  of  the  saving 
that  would  result  from  an  application  of  the  instructions  in 
Circular  81.  They  were  not  undertaken  in  an  effort  to  disprove 
the  correctness  of  the  statements  made.  There  is  a  very  general 
agreement  that  the  instructions,  if  followed,  will  result  in 
economy  of  fuel,  but  their  force  would  be  greater  if  there  could 
be  some  results  of  trials,  with  measured  quantities  of  fuel,  for 
reference.  It  was  with  the  object  of  providing  such  data  that 
these  tests  have  been  made. 

The  Tests. 

8.  A  series  of  tests  have  now  been  completed  covering  the 
points  above  noted.  They  have  been  made  as  opportunity 
offered  while  other  tests  were  in  progress,  so  that  they  have  not 
been  made  in  consecutive  order,  in  all  cases;  but  where  compari¬ 
sons  of  tests  have  been  made,  it  is  thought  that  such  comparisons 
are  entirely  fair. 

9.  All  of  the  tests  were  made  with  the  same  locomotive,  a 
class  “H6b”  Consolidation.  This  locomotive  is  shown  in  outline 
on  the  diagram  No.  1201,  and  the  principal  dimensions  are  shown 
on  table  No.  1203. 
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LOCOMOTIVE.  Pennsylvania  Railroad  Company 

TYPE  '2.-S-0 

CLASS  >-\Sb  test  department 

NUMBER 

LOCOMOTIVE  Testing  Plant 


1^01 


9 


M.  P.  8iMA 
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LOCOMOTIVE: 

TYPE  •2.-e>-0 

CLASS..„..H€!B. 

NUMBER 


7  6  190? 


Pennsylvania  Railroad  Company 

Philadelphia,  Baitimora  d.  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jeraay  &  Seashore  Railroad  Company 

TEST  DERARXMEMX 


Test  nos., 


Average  Results  of  Locomotive  Tests 
SUBJECT:  OiF?CLS--»  Mo,  Si  .  Altoona,  Pa.,  8-VQ-0& 


t 

s 

«4 

15 

16 

ir 

18 

19 


40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

60 
5  1 
68 

69 
66 
67 

70 
7  1 


20 

On  T  ruck 

2lis»e»7 

2  1 

“  IstDriwprs 

22 

•  ?H  * 

.42F.S5 

23 

“  .td  “ 

^7.500 

24 

•  4th  “ 

26 

“  .Sth  “ 

26 

“  Trailers 

27 

Total  _ 

28 

“  on  Drivers _ 

17G<=>00 

Driving  Wheels 

Number  of  Pairs _ _ 

Approx.  Diameter, inches _ _ 

Engine  Truck  Wheels 

Number - —  2^.- 

Diameter,  inches _  30 

TRAILING  Wheels 

Diameter,  inches _ _ _ 

Wheel  Base,  feet 

Driving  Wheei  Base _ 

Total  Wheel  Base _  .24.84- 

Gage  of  Wheels _ 


WEIGHT  OF  ENGINE  WITH  WATER. 
AT  2D.  GAGE  COCK  AND  NORMAL 

fire,  pounds 


Cylinders 
Diam.  and  Stroke,  H.  P 
m  u  u  L  P 

CLEARANCE  IN  PER  CENT.  OF  PISTON 

displacement 
H.  P.  Right,  Head  End.  _ 

“  “  Crank  “  _ _ 10.7_. 

*  Left,  Head  “ _ 

“  “  Crank  “  10,6 

L.  P.  Right,  Head  “  .  _ 

*  “  Crank  “  _ _ 

*  Left,  Head  “  '  ..J-.,-- 

*  ‘  Crank  “  _ . 

Receiver,  Cubic  Feet 

Volume  Right  Side _ 

*  Left  “  _ _ T— TL. 

Steam  Ports,  inches 

H.  P.  Admission,  Length  _ 30-_ 

“  •  Width  _  2._. 

L.  P.  *  Length  “““ 

*  “  Width  - - 

H.  P.  Exhaust,  Length  Mo  PorT-  - 

*  *  Width  -  _ 

L.  P.  *  Length _ 

*  “  Width  - r... 


PISTON  RODS,  Diameter 

HEATING  Surface, 

Inches 

Square  Feet 

74 

High  Pressure  _  _ _ 

164 

Of  the  Tubes,  Water  Side  "2873  .88 

76 

Low  “ 

165 

“  “  •  Fire  "  .  '2338.23 

TAIL  Rods,  diameter, 

166 

“  “  Firebox,  "  "  _ 188.06 

Inches 

157 

*  •  Superh’r,  “  *  _ 

78 

High  Pre-ssure 

*168 

Total,  Based  on  “  “  2505.23 

80 

Low  “  '  ' ' 

169 

m  m  m  *•  a 

VALVES 

of  Firebox  and 

82 

Type  IS 

Water  Side  of  Tubes 

83 

Design  AMe.ia.&4L. Vauvc.  Co. 

boiler  volume 

84 

Per  Cent.  Balanced _ l.^. _ 10_0_ 

WITH  WATER  SURFACE  AT  LEVEL 

OF  2D  GAQE  COOK 

86 

Type  of  Valve  Motion  WAi-^c-MAgRra 
Greatest  Valve  travel 

160 

Water  Space,  cu.  ft.  34-3.7 

86 

High  Pressure,  inches  ^ 

161 

Steam  “  “  “ _ 83^1 _ 

88 

Low  “  " 

Exhaust  nozzle 

Outside  lap  of  Valve 

162 

Double  or  Single _ S_LW£»VJeL-^. 

90 

High  Pressure,  inches  .81 

163 

Size,  inches__ . .  5.  <£»3_ 

94 

167 

Aroa|  inchsf  -  88 

Low 

Inside  Lap  of  Valve 

REVERSE  LEVER 

98 

High  Pressure,  inches  .08 

168 

H.  P.  Notches  Forward  of  Center  2.'2__. 

102 

169 

L.  P.  Notches  Forward  of  Center _ 

Boiler 

RATIOS 

113 

Type  OtUPAIRE^JMlO*;  PlRE-BOX 

171 

Heating  Surface  (138)  to 

114 

Outside  Diam.  1st  Ring  7U8 

Grate  Area  (145)  .4.^ 

Tubes 

172 

Fire  Area  Thru  Tubes  (119) 

116 

Number  3>7S 

to  Grate  Area  (145)  _  .  •  13 

116 

Outside  Diam.,  inches  2. 

173 

Firebox  Heating  Surface  (156) 

Pitch  “  _  ..2,.687S 

to  Grate  Area  (145)  _  ..3..41 

118 

Length  Between  Tube 

174 

Tube  Heating  Surface  (155) 

Sheets,  inches  _  184..'2.8l_ 

to  Fire  Box  Heating 

119 

Total  Fire  Area,  sq.  ft. _ 8,^^ 

Surface  (l!j6t  14.03 

124 

Boiler  Pressure,  pounds _ 2.0.S_ 

Superheater 

125 

Number  of  Tubes 

126 

Outside  Diam.  “  inches  ' 

128 

Length  of  *  “ 

Firebox,  inside,  inches 

132 

Length _ _ _ _  II6«32L_ 

133 

Width _  Cb5.Q4-- 

137 

Air  Inlets  to  Ashpan, 

sq.  ft. _  7  •  6^ 

Grates 

14.' 

Type_  KocKifc*ei  _ 

146 

Grate  Area,  sq.  ft. _ _  ^-©.8.<5. 

146 

Area  of  Dead  Grates  O 
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Steam  Leaks? 

Leaks  at  Cylinder  Cocks. 

10.  Tests  have  been  made  to  show  the  amount  steam 
that  may  be  wasted  by  leaks  about  the  cylinders  of  the  loco¬ 
motive. 

11.  These  tests  were  made  in  two  ways:  first,  by  running  the 
locomotive  with  the  cylinder  cocks  open,  and  again  by  running 
with  a  hole  in  each  cylinder  head. 

12.  In  the  tests  with  the  cylinder  cocks  open,  diaphragms 
having  5/32''  holes  were  placed  in  the  openings  from  each  of  the 
four  cylinder  cocks.  In  test  1200.37  the  cylinder  cocks  were  wide 
open  to  the  atmosphere,  and  in  1200.48  they  were  opened  into  a 
3"  drain  pipe  which  led  out  of  the  building. 

13.  In  the  tests  with  the  cylinder  cocks  open,  but  with  the 
5/32^^  hole  for  the  escape  of  steam  and  water,  there  was  less 
steam  used  per  horsepower  hour  than  when  there  were  no  leaks. 

14.  The  average  steam  per  horsepower  hour  for  three  tests 
without  leaks  was  24.64  pounds,  while  with  the  cylinder  cocks 
open  the  average  steam  per  horsepower  hour  was  24.00  pounds. 

15.  Much  water  was  observed  at  the  leaks  at  the  cylinder 
cocks,  and  it  is  possible  that  the  discharge  of  this  water  may 
account  for  the  better  cylinder  performance.  A  much  larger 
number  of  tests  would  be  required  to  settle  this  definitely,  however. 

16.  While  there  would  seem  to  be  advantages  in  providing 
a  small  outlet  at  each  cylinder  to  drain  off  the  moisture  that 
collects,  such  a  drain  would  be  very  objectionable,  and  a  better 
method  of  securing  dry  steam  in  the  cylinders  would  be  to  use  a 
superheater  for  the  steam  supply.  The  matter  has  not  been 
investigated  sufficiently  for  any  positive  statements  to  be  made 
at  this  time. 

Leaks  at  Centers  of  Cyunder  Heads. 

17.  When  it  was  found  that  the  leaks  provided  at  the 
cylinder  cocks  were  discharging  much  water  and  but  little  steam, 
it  was  decided  that  holes  should  be  made  in  the  cylinders  above 
where  the  water  would  collect.  These  holes  were  made  in  the 
center  of  each  front  cylinder  head.  The  holes  were  in  diameter, 
and  the  tests  made  with  them  are  Nos.  1200.137  to  1200.139. 

18.  Much  more  steam  was  lost  in  this  way  than  from  the 
cylinder  cocks.  The  leaks  were  larger  than  anything  that  would 
occur  in  service.  In  test  1200.136,  without  leaks,  18,703  pounds 
of  steam  were  supplied  to  the  cylinders  per  hour,  or  23.44  pounds 
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Pennsylvania  Railroad  Company 

Philftdeiphiai  Baltimore  d.  Waahinotoa  Railroad  Company 
Northern  Omitral  Railway  Company 
West  Jersey  d  Seashore  Railroad  Company 

TEST  DEF»ARTIVlEfSJT 
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FUEL: 


Average  Results  of  Locomotive  Tests 
SUBJECT  :.0\«C.VJ\-AS=<  Ho  .  &\  Tc.S~r  S  .  ALTOONA,  Pa.,  -  QB 
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NUMBER 

RUNNIN 

G  CO 
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BOILER 

PERFORMANCE 

TEST 

DESIGNATION 
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of 

Toet, 

Hours 
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per 

Hour 

Throttle 
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Cut'ofF 

Per  Cent., 
H.P. 
Cylinders 

Po»»T\OK 

OF- 

CXUMOEA 
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Pressure 
in  Boiler, 
Lbs.  per 
Sq.’tnch 

Draft 

in 

Smoke  Box, 
Inches 
of  Water 

Draft 

in 

Ash  Pan, 
Inches 
of  Water 

Calortffc 
Value 
of  Dry 

Fuel, 

B.T.U.  per  Lb. 

cinders 
Cottecfedift 
Smoke  Bei, 
Pounde 
per  Hour 

1.  f.  M.  C«t-etf  Throttle 

196 

199 

203 

268  to  271 

217 

222 

226 

248 

238 

l‘tOO-\*LO 

60-50-P 

s 

13. IS 

Puuu 

Cvjosxo 

■ZO-L.l 

txoo-io 

SO-4VO-F 

1  o 

13  3\ 

M 

C\~03T.O 

TOO-i 

1X00. 5e 

SO-4VO-P 

•  5 
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'  ’  *» 
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"2.00. S 

1X00. 1  le 

so-3o-r 

•  ■5 

\3-A3 

M 

OF»s:M 

•2.0-4. 0 

txoo© 

eo-4vo-r 

1  o 

13. 31 

»> 

■2.00.-Z 

%% 

tXoo.A^ 

so-4vo-r 

.s 

l3-3> 

M 

Ovtrn 

ZO-2...4 

%% 

rx  00.5*7 

ao-4^o-r 

.5 

\3  31 

ZO  1.  3 

A.L-\^  cy 

L.  COClrtB< 

txoo -A© 

ao-4so-F 

.5 

13-31 

303  O 

y  a 
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TEST 

NUMBER 


BOILER  PERFORMANCE 


Dry  Fuel 
Fired 
per  Hour, 
Pounds 


Dry  Fuel 
per  Hour, 
Pounds  per 
Sq.  Ft.  of 
Grate 


.  Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 


EQUIVALENT  EVAPORATION 
FROM  AND  AT  212®  F.,  POUNDS 


Per 

Hour 


Per  Hour 
per  Sq.  Ft. 

of  Fire 
Heating  Sur. 


Pef” 

Pound 

of 

Dry  Fuel 


Boiler 

Horse 

Power 

(34iU.of  E.) 


Efficiency 
of  Boiler, 
Based 
on 
Fuel 


ENGINE  PERFORMANCE 


Pressure 

in 

Branch  Pipe^ 
Pounds 
per  Sq.  In. 


Seperheat 
In  - 
Branch 
Pipe, 

Degraee  F, 
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340 


344 
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349 


350 


220 
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1XOOYO 

taooiis 

1*100© 

v«.00.)7 
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LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Slwtn 
to 

Engines, 
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per  Hour 
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Horse 

Power 

Dry  Fuel 

piT 
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Power  Hour, 
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Dry  Steam 
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Power  Hour, 
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Drawbar 
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Pounds 
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or 

Drawbar 
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Dry  Fuel 
per 
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PowerHour, 
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Dry  Steam 
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Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermal 

Efficiency 

of 

Locomotive, 
per  Cent., 
(Based on  Fuel) 
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265 

383 

384 

385 

398 

399 
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©1-4.© 

X3  ©© 
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TT  l-X 

V1.00..43 

XX.460 
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X-4  ©X 

XXOS& 
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1X00.  ©T 

XXSS»€> 

s©a.8 

X©-  60 

X6864 
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6X00. A© 

XXT3S 

ST©  O 

X5-  ©T 

X63X4 
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12 


M.  P.  304  A— Sixth  Sheet 
8"l  WM 

LOCOMOTIVE: 

type'Z.-StD  . 

CLASS  H  ,€?  © . 

NUMBER ‘S.^feO 


PEr4NSYLVANIA  RaILROAD  COMPANY 

Philadelphia*  Baltimore  A  Waahinoton  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  A  Seashore  Railroad  Company 

xesx  DEF^ARxivicrax 

Average  Results  of  Locomotive  Tests 


r  1 1M7 


FUEL: 


SUBJECT ;CifacwiL->K«  .>4o.SI  Tea»Ts . . . .  Altoona,  PA.,ii-2:»-r. OB 
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per  horsepower  hour.  In  test  No.  1200.137,  where  with  the  same 
running  conditions  the  cylinders  were  leaking,  the  steam  supplied 
to  the  cylinders  was  19,237  pounds  per  hour,  or  24.92  pounds  per 
indicated  horsepower  hour.  This  is  an  increase  of  524  pounds  per 
hour,  or  about  3  per  cent. ,  which  would  be  equivalent  to  a  coal  loss 
of  65  pounds  per  hour. 

Fire  Door  on  Latch  or  Partly  Open. 

19.  The  usual  method  of  firing  is  to  have  the  fire  door  closed 
at  all  times  except  when  putting  coal  on  the  fire  and  for  a  short 
time  after  firing  to  burn  off  the  volatile  combustible  of  the  coal. 

20.  To  note  the  effect  of  having  the  fire  door  on  the  latch  all 
of  the  time  during  a  test,  a  series  of  seven  tests  have  been  made. 
Four  tests  were  run  with  the  fire  door  closed,  except  when  firing, 
and  three  tests  during  which  the  fire  door  was  never  entirely 
closed  but  was  placed  against  the  latch,  except  when  firing. 

21.  Some  of  the  results  of  these  tests  are  given  in  the 
following  table: 


1 

Test  Number  | 

I 

i 

Test  Designation 

Boiler  Pressure 

i 

1 

i 

Draft  in 
Smokebox  1 

] 

[ 

1 

Dry  Coal  per 
Hour,  Pounds 

Equivalent 

Evaporation 

PER  Hour 

i 

Equivalent 

Evaporation 

PER  Pound 

Dry  Coal 

!  ) 

Fire  EtooR  Open  1 
or  Closed 

1200. 114A 

80-30-F 

203.1 

2.6 

2644 

23117 

8.74 

Closed. 

1200.114 

80-30-F 

203.5 

2.8 

2960 

23884 

8.07 

Open. 

1200.23 

80-40-F 

198.4 

3.5 

3462 

27811 

8.03 

Closed . 

1200.27 

80^0-F 

201.3 

3.5 

3212 

27052 

8.42 

Closed. 

1200.26 

80-40-F 

201.9 

3.5 

3067 

28319 

9.23 

Open. 

1200.108 

100-45-F 

204.5 

6.6 

4968 

37813 

7.61 

Closed. 

1200. 108 A 

100-45-F 

204.6 

6.0 

4968 

38278 

7.70 

Open. 

22.  The  best  results  in  evaporation  per  pound  of  coal  with 
the  fire  door  open  are  found  at  the  medium  rates  of  evaporation, 
which  represent  average  road  conditions.  At  a  speed  of  80  R.  P.  M. 
and  a  cut-off  of  30  per  cent.,  the  results  are  in  favor  of  the  closed 
door.  At  this  speed  and  cut-off  it  is  probable  that  sufficient  air 
can  be  drawn  through  the  thin  fire  for  these  running  conditions 
without  the  additional  air  which  will  come  through  the  fire  door. 
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^  R  3M  JL— Stall)  Sb««t 
SxlOH' 

LOCOMOTIVE; 

TYPE  "2.~Q-P 
CLASS 

NUMBER  ZS^O 


Pennsylvania  Railroad  Company 

PliMacMphta,  BAltimora  A  Wathiniitoa  RAitro«4  Company 
Northpm  O^ntrel  rtailwny  OomMny 
W«8i  Jor««y  A  Seashoro  Ratfrond  Oompany 

xesx  DCf=»ARXf>^K:MX 


1 6  mr 


FUEL:  Sm\'T\H. 

West  PemtOM-Co 

PREWTOK  . 


Average  Results  of  Locomotive  Tests 

SUBJECT:  C\RCNJV/V«  , .  ALTOONA,  PA.,  IZ- Zl- O  S 


TEST 

NUMBER 

RUNNIN 

G  CO 

NDITIONS 

BOILER  PERFORMANCE 

TEGT 

DESIGNATION 

Oti  ration 
of 

Test, 

Hours 

Wles 

per 

Hour 

Throttle 
Opening, 
Full  or 
Partial 

Actual 

Cut-off 

Per  Cent,, 
H.P. 
Cylinders 

Fiae 

Oooa 

Preesure 

In  Boiler, 
LbSu  per 

Sq.  Inch 

Draft 

in 

Smoke  Box, 
Inches 
of  Water 

Draft 

in 

Ash  Pan, 
Inches 
of  Water 

Calorific 
Value 
of  Dry 

Fuel, 

B.T.U.  per  Lb. 

Cinders 
Collected  ki 
Smoke  Boig 
Pounds 
per  Hour 

B.  K  M.  Cut-off  Thrattio 

196 

199 

203 

288  to  271 

21T 

222 

225 

248 

238 

noo.t\4*> 

ao-50- r 

1.15 

t5.\9 

Fvuu 

Cv-oxua 

X05» 

X-6 

.1 

IX  1  95 

50 

hXae  'X5 

ao-4o-  r 

X-oo 

15-5t 

»» 

199-4 

5-9 

-1 

\504X 

51 

tXoo-7.1 

Bo-4-O-P 

X-  00 

\5.5» 

a> 

ai 

XOt.5 

5  5 

.1 

IX04X 

46 

1X00-  iq8 

1 00-4  5-  r 

X  .0  0 

16-49 

44 

M 

X04-5 

9 -Cl 

.X 

15605 

50 

t  A 

ao-50-  r 

X-  00 

t5  '9 

omLatcv 

X05-5 

X-8 

.X 

ixiaz 

19 

1X00 -t.6 

BO-AO-P 

5. 00 

15-51 

•1 

!»> 

X0I.9 

5.5 

.1 

15  04X 

\a 

noo  iq84 

t  00-45- r 

X.  00 

16-49 

•4 

X04.6 

0 

.X 

’l5<»05 

41 

BOILER  PERFORMANCE 


TEST 

NUMBER 


Dry  Fuel 
Fired 
per  Hour, 
Pounds 


Dry  Fuel 
per  Hour, 
Pounds  per 
Sq.  Ft.  of 
Grate 


Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 


EQUIVALENT  EVAPOf.  TION 
FROM  AND  AT  212®  F..  POUNDS 


Per 

Hour 


Per  Hour 
per  Sq.  Ft. 

of  File 
Heating  Sur. 


Per 

Pound 

of 

Dry  Fuel 


Boiler 

Horse 

Power 

(34iU.ofE.) 


tfficlency 
of  Boiler, 
Based 
on 
Fuel 


CoA.i_ 


ENGINE  PERFORMAtlCE 


pressure 

1)1 

Branch  Pipe, 
Pounds 
per  Sq.  In. 


Supeilieit 

In 

Branch 

Pip^ 

Degnat  P. 


338 


339 


340 


344 


345 


347 


349 


360 


220 


230 


laeo-iimni 
\1LOO.T'& 
itoo-n 
11.00 .  toa 

llcoo.i  ».)»■ 

'txota.ioa* 


3.4.44. 

il. \-L 

I960 

a 


54  .-SA 
7  t  »5 
66-0  1 
\  O'*.  I O 

60.85 
€.5  0-5 
I  01.10 


»9058 

•*.5506 

5h  »6X 

\96'7-5 

z-sTxa 

5149.4 


■*.5\  I 

xTau 

XT  OS'*. 

518  15 

X5&a4 

■Las 

5axia 


©.X5 
I  l.  I  o 
to  ao 
\5  09 

9.55 
M  50 

ts.aa 


S.14 

a.o5 
a  .4X 
1  -et 

a.oi 
9  X5 
1.10 


6TO  t 
806.  t 

ia4  5 
t096-0 

69*.  5 
Bxo.a 
t  \09-S 


€.9.58 
59  46 
6X55 
5405 

65  91 
6a  55 
54-61 


Preston 

Smitw 

Smith 
West  Pcsui 
C.-M.C0 

Presto  N| 
Smith 

WnsrPeMu 
C  vt  C. 


EN( 

•  INE  P 

ERFO 

RMANCE 

LOCOMOTIVE 

PERFORMA1 

SCE 

Dry  Steam 

Dry  Fuel 

Dry  Steam 

Dry  Fuel 

Dry  Steam 

Machine 

Thermal 

1  LSI 

to 

liidkatud 

per 

per 

SB40WU 

Drawbar 

per 

per 

Efficiency 

NUMBER 

Indicated 

Indicated 

Pull, 

Oynamom. 

Oynamom. 

of 

Pounds 

Power 

Horse 

Power  Hour, 

Horst 

power  Hour, 

NumUCW 

Pounds 

Horse 

Horse 

PowerHour, 

Horse 

Power  Hour, 

Locomotive, 

Locomotive, 
per  Cent., 

pur  Hour 

Pounds 

Pounds 

Power 

Pounds 

Pour.ds 

Per  Cent. 

(Based  onFiiel) 

214 

379 

380 

381 

265 

383 

384 

305 

398 

399 
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5  99 
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\Xoo.  10^ 

50551 

x- 0 

X4  5a6 

1095  5 
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5  .90 
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5  00 
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X4V55 
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4.6X 
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4-05 
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BO«LER  PRESSURE.  LBS.  PER  SO.  IN 


REVOLUTIONS  PER  MINUTE 


DRAWBAR  PULL.  POUNDS 


-EED  WATER 
POUNDS 


COAL 
POU  N  OS 
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At  medium  and  high  rates  of  evaporation,  the  evaporation  per 
pound  of  coal  is  in  favor  of  the  door  on  the  latch.  At  80  R.  P.  M. 
and  40  per  cent,  cut-off  the  increase  in  evaporation  per  pound  of 
coal  with  the  door  on  the  latch  is  about  12  per  cent.  When  the 
locomotive  is  operated  at  100  R.  P.  M.  and  45  per  cent,  cut-off, 
the  firing  must  be  at  a  rapid  rate  and  the  fire  door  is  open  a  large 
part  of  the  time. 

23.  Little  difference  would  be  expected  betweeil  the  closed 
and  open  positions  under  these  conditions  of  maximum  power  of 
the  locomotive. 

24.  There  cannot  be  much  dependence  placed  upon  the 
smoke  indications.  They  show  about  the  same  average  smoke 
for  each  method  of  firing. 

Firb  Not  Cleaned. 

25.  To  observe  the  effect  of  a  fire  that  has  not  had  the 
ashes  cleaned  out  before  starting,  tests  were  made  without  clean¬ 
ing  the  fire  and  the  test  run  without  shaking  the  grates. 

26.  These  tests  were  made  with  Eureka  No.  6  coal  and 
Pittsburgh  Coal  Company’s  coal.  The  analyses  of  these  coals  are 
as  follows: 


COALS 

EUREKA  No.  6 

PITTSBURGH 

Fixed  Carbon,  per  cent . . 

57.35 

47.86 

Volatile  Combustible,  per  cent. . 

30.03 

37.02 

Moisture,  per  cent . 

.98 

2.33 

Ash,  per  cent . . 

11.64 

12.79 

100.00 

100.00 

Sulphur,  separately,  per  cent . .  . 

B.  T.  U.’s  per  pound  of  dry  coal . . 

1.81 

2.38 

13529 

12281 

27.  Test  No.  1297  is  shown  with  these  tests  for  comparison. 
It  is  a  test  run  under  normal  conditions  where  the  fire  is  clean 
and  the  grates  are  shaken. 

28.  Test  No.  1200.6  was  run  without  any  shaking  of  the 
grates  and  with  a  fire  that  had  not  been  cleaned  since  running  a 
test  on  the  previous  day.  This  test  1200.6  was  followed  by  one 
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LOCOMOTIVE: 

TYPE  .'2-S-..0 
CLASS  Hes 
NUMBER  S3€>0 


Pennsylvania  Railroad  Company 

Phiiadelphit,  Baltimore  A  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  A  Seashore  Railroad  Company 

TEST  DERARTTVIEMT 

Average  Results  of  Locomotive  Tests 


FUEL; Eureka  No.e> 

P»TT%»URer 


SUBJECT  :  .CiF=<.CWL-A»R.  INo.SL.'TESxT’.S . . . . . . .  ALTOONA,  Pa.,  ..1‘2.-.'2.  l.r  QS 


TEST 

NUMBER 

RUNNIN 

G  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hours 

Miles 

per 

Hour 

Throttle 
Opening, 
Full  or 
Partial 

Actual 

Cut-off 

Per  CenLf 
H.P. 
•Cylinders 

Fl  RE 

CoNornoi 

Pressure 
in  Boiler, 
Lbs.  per 

Sq.  Inch 

-  Draft 
in 

Smoke  Box, 
Inchec 
of  Water 

Draft 

ih 

Ash  Pan, 
Inches 
of  Water 

Calorific 
Value 
of  Dry 

Fuel, 

BJ.U.  pel  Lb. 

Cinders 
Collected  in 
Smoke  Box, 
Pounds 
per  Hour 

a.  f.  tt.  CsUff  Thrsttlt 

196 

199 

203 

268  It  271 

217 

222 

225 

248 

238 

izdi 

I200.e 

1200.7 

1200.8 

©o--^o-r 

IOO-‘4&-F 

e>o-^o-F 

30'-4-0-r 

loo-4^5-F 

2 

3 

2 

3.5 

-7S 

18.71 

13.31 

13.31 

18.84 

F».ai,L 

•1 

•  4 

M 

«• 

CLCAIfJ . 

«« 

Mo-T 

CUKAbf4«.C3 

• 

#• 

303.8 

2O2.0 

303.8 

302.0 

183-3 

3.5 

5.7 

3-5 

-4.3> 

S.3 

.1 

•1 

-1 

.1 

.1 

13529 

»i447 

13539 

13S29 

13384 

85 

20 

5& 

54- 

85 

TEST 

NJMBEft 

BOILER  PERFORMANCE  ) 

ENGINE  PERFORMANCE 

Dry  Fuel 
Rred 
per  Hour, 
Pounds 

Dry  Fuel 
per  Hour, 
Pounds  per 
Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212°  F.,  POUNDS 

Boiler 

Horse 

Power 

134*  U.  of  E.> 

Efficiency 
of  Boiler, 
Based 
on 

Fuel 

Pressure 

In 

Branch  Pipe, 
Pounds 
per  Sq.  In. 

Superheat 

In 

Branch 

Pipe. 

Degrees  F. 

Per 

Hour 

Per  Hour 
per  Sq.  Ft. 

of  Fire 
Heating  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

346 

347 

349 

350 

220 

230 

1337 

I3ei 

i2oa& 

>200.7 

1200.8 

3971 

4408 

39SS 

31^8 

3820 

<31.08 

90.59 

fe0.7S 

78.50 

239IS 

317^-7 

2324 1 
227  «S 
38279 

2T32'3 

3776,4. 

278^0 
27078 
311  ©7 

to.ei 

15.07 

11.05 

10.81 

12.45 

9.20 

8.57 

3.3>7 

5.80 

5.18 

•792.0 

1094.8 

ao2.8 

754.8 
904  .0 

8585 
(58.  50 

8659 

81.39 

83.74 

eURCKA 

P»TT». 

Eureka 

eureka 

TEST 

NUMBER 

ENGINE  PERFO 

RMANCE 

LOCOMOTIVE 

PERFORMANCE 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Po  wer  Hour, 
Pounds 

Dry  Steam 
per' 

Indicated 

Horse 

Power  Hour, 
Pounds 

Drawbar 

Pull, 

Pound* 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
-  per 

Oynamom. 

Horse 

PowerHour, 

Pounds 

Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermal 

Efficiency 

of 

Locomotive, 
per  Cent., 
(BasedonFuel) 

Smoke 

MumskR 

214 

379 

380 

361 

266 

383 

38.1 

385 

398 

399 

1*297 

33630 

22454 

500.5 

3.71 

28.28 

S'07 

i.e 

1*251 

3«345 

23186 

1032.9 

4.27 

30.35 

4.89 

2.0 

1200.8 

2284 1 

319(^8 

750.7 

3.79 

29.28 

4.96 

1.5 

1300.7 

22428 

22053 

757.0 

4.00 

28.5<3l 

4.70 

2.1 

1200.5 

25981 

15097 

508.2 

4.74 

32.20 

4. *34 

2.2. 
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(No.  1200.7)  without  cleaning  the  fire,  and  finally  test  No.  1200.8 
was  run  without  cleaning  the  fire.  This  last  test  was  made  with 
Pittsburgh  Coal  Company's  coal,  and  it  was  at  a  higher  speed  and 
longer  cut-off  than  the  others. 

29.  While  the  evaporation  per  pound  of  coal  is  rather  low 
in  test  1200.7,  no  serious  difficulty  developed  in  the  firebox  until 
test  1200.8  was  started.  In  this  test  the  effect  of  the  ashes  in  the 
fire  began  to  have  a  very  marked  effect  and  the  boiler  pressure 
could  not  be  kept  up.  When  the  pressure  had  fallen  to  140 
pounds  the  grates  were  well  shaken  for  the  first  time,  and  the 
pressure  increased  from  140  to  202  pounds  in  ten  minutes.  The 
results  of  these  tests  in  fuel  and  evaporation  are  shown  in  the 
following  table: 


Test  Numbek 

Speed  in  Miles 
PER  Hour 

Cut-off 

Per  Cent. 

Length  of  Run, 
Miles 

Boiler  Pressure 
Average 

Draft  in 
Smokebox 

Equivalent 
Evaporation 
Per  Lb.  Dry  Coal 

Condition  of  Fire 

1297 

13.3 

40 

26.6 

203.8 

3.5 

9.20 

Clean  and  grates  shaken. 

1281 

16.7 

45 

32.4 

202.0 

5.7 

8.57 

u  u  u  u 

1200.6 

13.3 

40 

26.6 

203.6 

3.5 

9.37 

Not  clean,  grates  not  shaken. 

1200.7 

13.3 

40 

33.3 

202.0 

4.3 

8.60 

u  u  u  u 

1200.8 

16.6 

45 

12.5 

162.2 

5.3 

8.16 

u  u  u  a 

30.  The  draft  increased  by  nearly  one  inch,  or  about  30  per 
cent.,  as  the  ashes  accumulated  in  the  fire. 


31.  While  tests  1200.6  and  1200.7  show  a  good  boiler 
pressure,  this  pressure  was  maintained  at  the  expense  of  the  coal, 
as  in  test  1200.7  the  evaporation  per  pound  of  coal  is  8.60  pounds, 
when  with  a  clean  fire  it  was  9.20  pounds. 

32.  Test  1200.6  was  started  with  a  fire  that  had  not  been 
cleaned  over  night,  and  No,  1200.8  was  started  under  similar 
conditions.  There  were  long  intervals  between  the  runs. 

33.  When  the  grates  were  first  shaken  in  test  1200.8  they  had 
not  been  moved  for  44  hours,  and  the  locomotive  had  run  a  total 
distance  of  over  100  miles,  burning  during  the  tests  26,000  pounds 
of  coal,  and  a  considerable  amount  between  the  tests.  This  latter 
quantity  of  coal  may  be  estimated  at  about  2500  pounds. 
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34.  Tests  1297  and  1281  have  been  taken  as  showing  the 
normal  performance  of  the  locomotive  with  the  fire  clean  and 
grates  shaken  during  the  test.  The  tests  shown  are  at  two 
different  speeds  and  cut-offs.  The  evaporative  results  at  the 
same  speed,  only,  should  be  compared;  as,  for  instance,  test  1297 
may  be  compared  with  1200.6  and  1200.7,  while  1281  may  be 
compared  with  1200.8. 

35.  The  quality  of  the  coal  has  much  to  do  with  the  amount 
of  cleaning  that  the  fire  will  need.  These  two  coals  do  not  clinker, 
but  have  the  average  amount  of  ash. 

Irregular  Boiler  Feeding. 

36.  In  test  No.  1200.113  the  water  level  in  the  boiler  was 
not  kept  at  one  place  as  is  usual,  but  the  injector  was  used  inter¬ 
mittently.  The  water  level  was  raised  to  the  top  of  the  gage 
glass  and  the  injector  shut  off  until  the  level  had  fallen  to  the 
bottom  of  the  glass,  a  distance  of  about  six  inches.  This  irregular 
feeding  was  continued  during  the  test,  the  locomotive  wasting 
steam  at  the  safety  valves  when  the  water  level  was  falling,  and 
the  pressure  decreasing  when  the  injector  was  put  on  at  its  full 
capacity. 

37.  The  fireman  fired  the  locomotive  at  a  nearly  uniform 
rate.  The  engineman  and  fireman  were  then  not  assisting  each 
other  in  maintaining  the  steam  pressure,  but  each  worked 
independently. 

38.  The  result  upon  the  boiler  pressure  is  very  clear  from 
an  inspection  of  the  graphical  log  for  this  test  No.  1200.113. 
The  average  pressure  for  the  test  is  but  195.5  pounds.  The  range 
in  pressure  is  from  165  to  205  pounds. 

39.  The  evaporation  per  pound  of  coal  is  very  low  in  this 
test.  It  is  but  7.67  pounds  equivalent  evaporation  per  pound  of 
dry  coal,  where  under  the  same  running  conditions  but  with 
regular  boiler  feeding  it  is  9.0  pounds.  With  the  irregular  feeding 
there  is  a  loss  in  evaporation  of  1.33  pounds  of  water  per  pound 
of  coal,  or  about  15  per  cent. 

40.  The  weight  of  coal  that  is  needed  for  this  test  with  regular 
boiler  feeding  is  3093  pounds  per  hour,  as  shown  by  test  No. 
1200.115,  while  with  the  irregular  feeding  3547  pounds  are 
required.  This  is  a  loss  or  waste  of  coal  of  450  pounds  per 
hour,  or  12^  per  cent.  For  a  100-mile  run  the  coal  fired  would 
be  23,238  pounds  with  regular  boiler  feeding  and  26,648  pounds 
with  irregular  feeding — a  difference  of  3410  pounds  of  coal. 
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TEST  OEP»AR*riV1EISJX 


FUEL:  P=^E‘&fTON 

Bi  E.W«E.><AN«fo 


Average  Results  of  Locomotive  Tests 
SUBJECT :Cl«e*->V A*.V^  No-Sl  TELSTS  .  ALTOONA,  Pa.,.»‘2.- "Zl -OS  ... 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 


TEST 

DESIGNATION 


8.  P.  M.  Cvl-off  Throtlle 


Duration 

of 

Test, 

Hours 


196 


Miles 

per 

Hour 


199 

AVS-HACIC 

12-35 


13. 

13.31 

13. » 3 
13 .3e. 


Throttle 
Openlngi 
Full  or 
Partial 


203 


Actual 
Cut-off 
Per  Cent.) 

H.P. 

Cylinders 


268  to  271 


Srteo 

eotkXR  rcac 

r\nir{Cx 


Pressure 
in  Boiler, 
Lbs.  per 
Sq.  inch 


217 


Draft 

in 

Smoke  Bov. 
Inches 
of  Water 


Draft 

in 

Ash  Pan, 
inches 
of  Water 


222 


225 


Calorific 
Value 
of  Dry 
Fuel, 

B.T.U.  per  Lb. 


248 


Cinders 
Collected  in 
Smoke  Box, 
Pounds 
per  hour 


238 


1ZOO.II2L 

IZOO.II^ 

1200. 5 

.I200.\\5 
1*27  B 


>  -  Bo  -  F 

ao  ■  -  F* 

-  p 

S0-4-0-F 

aO-'AO-F’ 

60-^0- F 

SO-40-  F 


a 

2. 

2 

2 

2.& 


202.3 
»3S.S 
197.9 

204.3 
201.G 


3.2 

3.5 

3.5 

3 . 

3.  5 


.2 

-2 

.1 


|2»S3 

»2>  83 

13529 

»2r&3 

*3743 


<5.1 

94- 

37 

52. 

70 


BOILER  PERFORMANCE 


TEST 

NUMBER 


Dry  Fo.1 
Rred 
per  Hour, 
Pound. 


Dry  Fuel 
per  Hour, 
Pound,  per 
Sq.  Ft.  of 
Grete 


Water 
Delivered 
to  Boiler, 
Pound, 
per  Hour 


EQUIVALENT  EVAPORATION 
FROM  AND  AT  tt2°  F.,  POUNDS 


Per 

Hour 


Per  Hour 
per  Sq.  Ft. 

of  Fire 
Heating  Sur. 


Per 

Pound 

of 

Dry  Fuel 


Boiler 

Horse 

Power 

(34}U.ofE.) 


Efficiency 
of  Boiler, 
Based 
on 
Fuel 


ENGINE  fERFflRMANCE 


Pressure 

In 

Branch  Pipe, 
Pounds 
per  Sq.  in. 


Superheat 

In 

Branch 

Pipe, 

Degrees  F. 


338 


339 


340 


344 


345 


347 


349 


360 


220 


230 


1200.112 

1200.11% 

1200.5 

1200.  U5 

I27E> 


3tSS 

3547 

334-7 

3093 

3135 


64.90 

72.©9 

©0.75 

©4.43 


20753 

22396 

23^31 

22S33 

23935 


25209 

27205 

-27523 

27&-22. 

2A4-4-9 


10.06 

«o.6© 

10.99 

\l .( I 

U.3G 


7.98 

7.67 

S.Z2 

9.00 

9.07 


730.7 

756.6 
797.  S 

806.4 

824.6 


&&.6& 

71.34. 

63.74- 


TSST 

number 

ENGINE  PERFO 

RMANCE 

LOCOMOTIVE 

PERFORMANCE 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horae 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

power  Hour, 
Pounds 

COA^U 

Drawbar 

Pul!, 

Pounds 

Dynamometer 

or 

Drawbar 

diorse 

Power 

Dry  Fuel 
per 

Dynamom. 

Horse 

PowerHour, 

Pounds 

Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermal 

Efficiency 

of 

Locomotive, 
per  Cent., 
(BasedonFuel) 

Smoke 

Nv-aacs 

214 

379 

380 

381 

1  265 

383 

384 

385 

398 

399 

1200.112 

PRC>5T0r 

2I22S 

742.4- 

4.25 

27.62 

1  .T 

*200. 03 

PHe«.TOH 

2«67l 

772.4- 

4-59 

27.55 

2.Z 

1200.  5 

22167 

eomKA 

21630 

771.2 

4.34 

28.74 

4.33 

1.5 

1200.115 

22334 

i=»iqei»Toii 

22S46 

803.5 

3.85 

37.80 

5.45 

|.€> 

12.75 

23G48 

E.Vl7eKA 

22279 

794.0 

3.9S 

29-78 

4.69 

).& 

9 
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LENGTH  or TSST 


UCNOTH  OF  TEST 


31 


32 


LENGTH  or  TEST-MINUTES  AND  HOURS 


LENGTH  OF  TEST— MINUTES  AND 
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Irregular  Firing. 

41.  The  firing  on  the  Testing  Plant  is  usually  continuous, 
or  nearly  so.  Small  quantities  of  coal  are  fired  at  very  short 
intervals. 

• 

42.  To  determine  the  effect  of  irregular  or  intermittent 
firing,  a  test  was  made  by  firing  six  shovelfuls  of  coal  in  succes¬ 
sion  with  long  intervals  between  firing.  This  method  of  firing 
resulted  in  a  very  irregular  boiler  pressure,  as  will  be  seen  by 
reference  to  the  graphical  log  of  this  test.  No.  1200.5. 

43.  The  equivalent  evaporation  per  pound  of  coal  with 
regular  firing  for  these  running  conditions  is  9.07  pounds  of  water, 
while  with  irregular  firing  it  is  8.22  pounds,  or  a  loss  in  evapora¬ 
tion  of  nearly  9  per  cent.;  3347  pounds  of  coal  were  burned  per 
hour  with  irregular  firing,  while  with  regular  firing  and  the  same 
kind  of  coal  3135  pounds  are  required. 

Variable  Speed. 

44.  A  test  has  been  made.  No.  1200.112,  to  conform  more 
nearly  to  road  conditions  than  is  usual  on  the  Testing  Plant. 
This  run  was  at  three  speeds  and  cut-offs.  The  locomotive  was 
run  for  30  minutes  at  60  revolutions  per  minute  and  30  per  cent, 
cut-off,  then  for  30  minutes  at  80  revolutions  and  40  per  cent,  cut¬ 
off,  then  for  30  minutes  at  100  revolutions  and  45  per  cent,  cut¬ 
off,  finally  ending  with  30  minutes  at  60  revolutions  and  30  per 
cent,  cut-off.  Thus  the  test  was  of  two  hours’  duration,  but  with 
the  locomotive  developing  a  variable  power  as  in  road  service. 
During  this  test  the  fireman  changed  his  rate  of  firing  three  times 
to  conform  to  the  changed  conditions  of  running.  These  changes 
were  so  quickly  made  that  there  was  an  almost  constant  boiler 
pressure. 

45.  The  evaporation  per  pound  of  coal,  when  compared  with 
that  for  a  test  at  a  uniform  speed,  which  is  about  the  same  as  the 
average  for  this  test,  or  12  miles  per  hour,  shows  lower  results 
for  the  variable  speed  test.  The  evaporation  for  a  uniform  speed 
of  80  revolutions  is  9  pounds  per  pound  of  coal,  while  for  this 
variable  speed  test  it  is  but  7.98,  or  over  a  pound  of  water  less. 

46.  The  coal  consumption  per  dynamometer  horsepower 
hour  for  the  variable  speed  test  was  4.25  pounds,  while  for  a  test 
with  the  same  kind  of  coal  run  at  constant  speed,  which  was 
about  the  same  as  the  average  of  the  variable  speed  test,  the  coal 
consumption  was  3.85  pounds  per  dynamometer  horsepower  hour. 
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Lump  Coal  and  “Run-of-Mine’'  Coal. 

47.  On  some  heavy  grades  it  is  the  custom  of  the  firemen 
to  lay  aside  the  lumps  that  can  be  separated  from  the  finer  coal, 
and  to  use  this  lump  coal  when  the  locomotive  is  working  hard 
on  a  grade  with  an  exhaust  that  would  make  holes  in  a  fire  com¬ 
posed  of  fine  coal,  drawing  the  lighter  particles  up  against  the 
tube  sheet. 

48.  It  would  not  be  possible  to  run  the  locomotive  at  a  very 
low  speed  and  long  cut-off  on  the  Testing  Plant  in  order  to  try 
out  this  question  of  the  relative  merits  of  fine  and  lump  coal. 
There  would  be  great  danger  of  the  wheels  slipping.  To  find  what 
difference  exists  between  the  evaporation  with  lumps  or  with  fine 
coal  as  an  alternative,  tests  have  been  made  with  the  same  kind 
of  coal  in  the  two  forms.  The  locomotive  was  operated  under  a 
comparatively  light  load,  however. 

49.  During  a  series  of  coal  tests  a  car  of  Kiskiminetas  coal, 
very  lumpy  on  the  top,  came  to  the  Testing  Plant.  Enough  of 
the  lumps  were  picked  from  the  top  of  the  car  to  make  a  test, 
using  lump  coal  only. 

50.  This  test.  No.  1200.42,  was  followed  by  one.  No.  1200.39, 
in  which  the  same  kind  of  coal  was  used,  but  the  coal  was  taken 
from  the  bottom  of  the  car,  where  the  coal  consisted  of  both  lump 
and  fine  coal,  or  an  average  “  run-of-mine  ”  coal. 

51.  The  results  in  evaporation  are:  an  equivalent  evapo¬ 
ration  of  8.61  pounds  of  water  per  pound  of  coal,  for  the  lump 
coal,  and  7.9  pounds  for  the  fine  coal  or  average  coal.  This  is 
an  increase  in  evaporation  of  9  per  cent,  with  the  lump  coal. 

52.  On  an  “E2”  locomotive  another  coal  has  been  tried  in 
two  forms,  screened  and  “run-of-mine.”  The  analysis  of  the  two 
forms  of  the  coal  shows : 

Screened.  Run-of-Mine. 

Ash,  in  per  cent .  4.71  6.27 

Calorific  Value,  B.  T.  U.’s  per  pound 

of  dry  coal. . . .  14864  14360 

53.  The  ash  is  a  greater  proportion  and  the  heating  value 
less  for  the  “run-of-mine”  than  the  screened  coal.  The  equivalent 
evaporation  with  this  latter  coal  was  for  the  screened  8.5  pounds, 
and  but  7.7  pounds  with  the  “  run-of-mine  ”  coal.  This  is  an 
increase  in  evaporation  of  10  per  cent,  with  the  screened  or  lump 
coal. 
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Average  Results  of  Locomotive  Tests 
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TEST 

NUMBER 


RUNNING  CONDITIONS 


TEST 

DESIGNATION 


Duration 

of 

Tssti 

Hours 


Miles 

per 

Hour 


Throttle 
Opening! 
Full  or 
Partial 


Actual 
Cut-off 
Per  Cent., 
H.P. 
Cylinders 


BOILER 


Pressure 
In  Boiler, 
Lbs.  per 
Sq.  inch 


.Draft 

in 

Smoke  Box, 
Inches 
of  Water 


ERFORMANCE 


Drift 

in 

Ash  Pan, 
Inchts 
of  Water 


Calorific 
Value 
«f  Dry 
Fuel, 

B.T.  U.  per  Lb. 


Cinders 
Collected  in 
Smoke  Box, 
Pounds 
per  Hour 


*.  P.  M.  Cut-off  Throttle 


196 


199 


203 


268  to  271 


217 


222 


225 


248 


238 


\ZOO.^-L 
»ZOO.-5^ 
12.00.1  \ 
\2.0  0.»2. 


so-^-o-F 

S0-4O-F 

S0-40-f 

e,o-4o-f 


-Z..O 

\.o 

1.0 


\'5'5\ 


Fut-L. 


LUMP 

COAU 


AvKPMae. 

Co*.t. 


2.00.2. 

ZOl.fc 


Tt.S 

■5.4- 

•5.4 


l-SSOfe 

XlsSOfc 


4<^ 

2.1. 


TEST 

NUMBER 

BOILER  PERFORMANCE 

ENGINE  PERFORMANCE 

Dry  Fuel 
Fired 
per  Hour, 
Pounds 

Dry  Fuel 
per  Hour, 
Pounds  per 
Sq.  Ft,  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hou/ 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212°  F.,  POUNDS 

Boiler 

Horse 

Power 

(34i  U.  of  E.) 

Efficiency 
of  Boiler, 
Based 

on 

Fuel 

^tSAi-lTY 

OF 

<ffo 

Pressure 

in 

Branch  Pipe, 
Pounds 
per  Sq.  In. 

Superheat 

in 

Branch 

Pipe, 

Degrees  F. 

Per 

Hour 

Per  Hour 
per  Sq.  Ft. 

•  of  Fife 
Heating  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

345 

347 

349 

360 

220 

230 

110042 

e4.4i 

225<b4 

21012 

\0.18 

S.6.V 

"1 83.0 

G.\.51 

— - 

l2oo.-be 

2412 

11.35 

2252© 

21435 

\0.55 

1.30 

155.3 

5fo4.5 

— 

\2oaii 

— 

— ■ 

22fe3© 

”  — 

— 

— - 

— 

— 

58.\fe 

\2oo.»2 

— 

22531 

— — 

38.41 

TEST 

NUMBER 


ENGINE  P 


ERFORMANCE 


Dry  Steam 

to 

Engines, 
Pounds 
per  Hour 
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Power 


Dry  Fuel 

p.?r 

Indicated 

Hbrse 

Power  Hour, 
Pounds 


Dry  Steam 
per 
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Horse 

Power  Hour, 
Pounds 


LOCOMpJIVE  PERFORMANCE 


Drawbar 

Pull, 

Pounds 


Dynamomater 

or 

Drawbar 

Horse 

Power 


Dry  Fuel 
per 

Dynamom. 

Horse 

PowerHouf, 

Pounds 


Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 


Machine 

Efficiency 

of 

locomotive, 
Per  Cent. 


Thermal 

Efficiency 

of 

Locomotive, 
per  Ceot., 
(BasedonFn^) 


StnOKE 

Nuwws 


214 


379 


380 


381 


285 


383 


384 


386 


398 


399 


1200.42 

llOO.lt'b 

izoo.n 
120  a\  2. 


22212 

225®fe 

221)1,1 

222S5 


Z4.‘54 

24.'5^S 


2\1.®\ 

2\  1^4 


1fe2.0 
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ie>\.© 


4.12- 

4.4^ 


2'a.21> 

2‘&.2\ 

2®.51 

20i5C? 


4.51 

4.20 


\rb 

l.fe 


$ 


LENGTH  OF  TEST— MINUTES  ANO  HOURS 
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BOILER  PRESSURE.  LBS.  PER  SO.  IN. 


REVOLUTIONS  PER  MINUTE 


DRAWBAR  PULL,  POUNDS 


COAL 
POUN  OS 


FEED  WATER 
POUN  OS 
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54.  While  engiiiemen  ascribe  the  better  steaming  of  the 
locomotive  over  the  heavy  grades  to  the  fact  that  with  lump 
coal  the  fire  is  not  so  much  disturbed  by  the  draft,  it  is  also  clear 
that  the  lump  coal  is  about  10  per  cent,  better  in  heating  or 
evaporative  value  than  the  average  “  run-of-mine”  coal.  This  fact 
probably  has  more  influence  upon  the  good  results  than  has  the 
action  of  the  draft  on  the  fire,  although  the  lump  coal  gives  more 
opportunity  for  air  to  get  to  the  fuel,  and  thus  produces  greater 
efficiency. 

High  and  Low  Water  Level. 

55.  While  not  referred  to  in  the  circular,  tests  have  been 
made  of  the  effect  upon  the  quality  of  steam  of  a  high  or  a  low 
water  level  in  the  boiler.  These  tests  are  Nos.  1200.11  and  1200.12. 
The  percentage  of  moisture  in  the  steam  as  measured  by  a 
throttling  calorimeter  on  the  steam  dome  is  the  same  with  the 
water  level  high  or  low.  The  steam  used  per  horsepower  hour, 
both  indicated  and  drawbar  horsepower,  shows  more  steam  used 
when  the  water  level  in  the  boiler  was  high.  This  would  indicate 
that  there  was  more  moisture  in  the  steam  when  carried  at  a  high 
level  than  when  carried  at  a  low  level,  but  the  calorimeter  does 
not  confirm  this  and  the  tests  are  not  conclusive.  It  is  probable 
that  with  the  locomotive  boiler  level,  as  it  is  on  the  Testing  Plant, 
the  range  (4J  inches)  in  height  of  water  level  is  too  small  to  show 
differences  in  moisture  in  the  steam.  The  low  water  level  was 
one-half  inch  above  the  bottom  of  the  gage  glass,  and  the  high 
level  5  inches  above  the  bottom  of  glass. 

56.  It  is  not  possible  to  reproduce  on  the  Testing  Plant 
some  of  the  conditions  met  with  in  road  service;  as,  for  instance, 
the  surging  of  the  water  due  to  the  quick  application  of  the  brakes 
or  a  sudden  change  in  grade.  With  a  high  water  level  this  move¬ 
ment  of  the  water  may  carry  water  to  the  cylinders. 

57.  It  has  been  observed,  however,  on  the  Testing  Plant, 
that  if  the  water  level  is  within  about  one-half  inch  of  the  top  of 
the  gage,  water  will  be  lifted  out  of  the  boiler  if  the  safety  valve 
blows. 

Coal  Fired  at  Various  Rates. 

58.  Some  trials  have  been  made  to  establish  the  fact  that  the 
amount  of  coal  that  the  fireman  uses  is  in  reality  the  correct 
amount.  The  question  has  arisen  as  to  what  would  happen  if 
the  fireman,  having  fired  for  a  certain  test,  were  to  fire  for  the 
same  conditions  of  speed  and  cut-off  again,  but  with  a  greater  or 
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length  of  test— minutes  and  hours 
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less  amount  of  coal.  While  not  called  for  in  the  schedule  of  tests 
to  be  made  in  connection  with  Circular  81  tests,  a  series  of  such 
tests  have  been  included  here  as  of  particular  interest  in 
connection  with  economy  in  the  use  of  fuel. 

59.  In  all,  four  tests  were  made.  Test  No.  1297  represents 
the  normal  rate  of  firing.  Coal  for  this  test  was  fired  uniformly 
at  the  rate  of  3000  pounds  of  coal  per  hour,  or  6000  pounds  for 
the  two  hours  of  the  test.  The  boiler  pressure  was  good, 
averaging  203  pounds  for  the  two  hours.  The  drawbar  pull  and 
speed  were  very  uniform.  This  test  was  carefully  fired,  and  in  the 
opinion  of  the  fireman  just  enough  coal  was  used  and  none  w'asted. 

60.  Next,  the  same  test  conditions  were  repeated,  but  coal 
was  fired  at  a  higher  rate  than  before  Instead  of  3000  pounds 
per  hour,  the  rate  was  increased  to  3500  pounds  per  hour,  or  7000 
pounds  in  two  hours,  an  increase  of  16.6  per  cent.  As  would  be 
expected,  the  surplus  steam  produced  by  this  heavy  firing  escaped 
at  the  safety  valve.  In  the  test  No.  1297,  using  3000  pounds 
per  hour,  or  the  normal  rate,  the  safety  valve  blew  off  21  pounds 
of  steam  in  two  hours,  while  for  the  test  firing  3500  pounds  per 
hour.  No.  1298,  the  valve  blew  off  1794  pounds  in  the  two  hours. 
This  is  a  clear  waste  of  steam  and  of  coal  needed  to  produce  ii. 
In  the  test  under  normal  conditions,  one  pound  of  dry  coal 
evaporated  (equivalent  evaporation)  9.20  pounds  of  water.  The 
500  additional  pounds  of  coal  should  have  evaporated  9.20x500 
or  4600  pounds  of  water,  but  did  actually  evaporate  but  39  per 
cent,  of  this.  The  steam  lost  through  the  safety  valve  seems, 
then,  to  be  doubly  wasteful,  as  it  has  been  produced  by  means  of 
a  very  poor  evaporation,  or  by  a  large  expenditure  of  coal  for  the 
result  obtained. 

61.  The  next  test  repeated  the  same  running  conditions  but 
with  the  coal  restricted,  so  that  the  fireman  was  allowed  but  2500 
pounds  per  hour,  or  500  pounds  less  than  he  considered  sufficient. 
This  resulted  in  a  low  average  boiler  pressure  for  the  test,  namely 
187.6  pounds,  the  pressure  falling,  in  one  hour,  from  202  to  156 
pounds.  This  is  evidently  much  less  coal  than  will  sustain  the 
demands  upon  the  boiler,  however  carefully  it  is  used. 

62.  Next,  a  test  was  made,  still  under  the  same  running 
conditions,  but  with  only  250  pounds  less  coal  per  hour  than  the 
normal  rate.  While  the  pressure  was  maintained  for  50  minutes, 
it  is  evident  that  this  quantity  of  coal  is  insufficient  for  this  speed 
and  cut-off.  No  trial  was  made  using  a  quantity  closer  to  the 


48 


3000  pounds  per  hour  than  250  pounds,  but  it  is  probable  that 
not  even  a  reduction  of  100  pounds  per  hour  could  be  made; 
250  pounds  would  be  about  12  shovelfuls  at  20  pounds  per 
shovelful,  and  100  pounds  not  quite  six  shovelfuls  per  hour. 
Then,  if  the  fireman  increases  his  rate  of  firing  by  six  or  seven 
shovelfuls  per  hour,  coal  is  wasted,  and  if  he  reduces  the  rate  by 
the  same  amount,  the  steam  pressure  will  fall.  Good  firing,  then, 
under  Testing  Plant  conditions,  means  that  coal  is  fired  with  an 
error  of  less  than  100  in  3000,  or  the  locomotive  performance 
may  be  measured,  as  far  as  the  coal  consumption  is  concerned, 
with  probable  errors  of  less  than  3  per  cent. 

63.  The  best  practical  rule  to  follow  in  road  service  is  to 
carry  a  level  fire  as  light  as  conditions  will  permit.  Then,  if 
steam  pressure  is  maintained  and  the  safety  valve  not  allowed  to 
blow,  the  best  results  in  coal  consumption  will  result. 

Test  Department, 

Altoona,  Pa., 

February  15,  1909. 
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Conclusions  on  pages  31  and  66. 


A  Series  of  Valve  Trials  which  has  Aided  in  the  Selection 
OF  A  12-Inch  Piston  Valve  as  a  Suitable  vStandard  Size 
to  be  used  for  Road  Locomotives. 


PART  1. 


VALVE  DIAMETER. 


INTRODUCTION. 

! .  The  rigid  adherence  to  a  rule  that  the  valve  diameter  should 
have  a  direct  relation  to  the  diameter  or  volume  of  the  locomotive 
cylinder  has  resulted  in  the  use  of  many  valve  diameters  and  a 
much  larger  number  than  appears  to  be  warranted  by  the  small 
differences  in  cylinder  size, 

2.  With  a  view  of  checking  this  growing  evil  of  valve  sizes 
where  the}’’  now  range  from  12  to  16  inches,  and  for  the  purpose 
of  making  a  very  desirable  reduction  in  the  weight  of  the  valve 
itself,  trials  of  valves  made  on  the  test  plant  have  demonstrated 
that  an  arbitrar}^  valve  diameter  of  12  inches  is  suitable  for  all  of 
the  recent  classes  of  road  locomotives  where  the  cylinder  diameter 
is  more  than  20  inches. 

3.  These  trials  have  covered  the  use  of  valves  of  16,  12  and 
11  inches  diameter  on  the  K2sa  class  locomotive  with  a  24-inch 
diameter  cylinder,  valves  of  14,  10  and  7  inches  diameter  on  the 
E3sd  class  with  a  22-inch  cylinder,  and  valves  of  14  and  12  inches 
diameter  on  the  H8sb  locomotive  with  cylinders  25  inches  in 
diameter. 


(3) 
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4.  The  piston  valves  that  have  been  used  on  our  locomotives 
are  of  two  general  types.  The  American  Balance  Valve  Co.’s 
semi-plug  valve,  as  shown  in  Fig.  1,  has  been  in  use  on  our  locomo¬ 
tives  ever  since  piston  valves  were  introduced.  It  has  been  super¬ 
seded,  however,  by  the  T  ring  type  of  valve  as  shown  in  Fig.  2. 

These  valve  tests  were  undertaken  to  determine  the  effect 
upon  the  steam  consumption,  back  pressure  and  the  horsepower 
by  a  change  in  the  diameter  of  valve,  and  valves  of  sizes  not  in 
ordinary  use  were  made  up  for  the  tests.  The  odd  size  valves 
which  were  tested  were  not  necessarily  of  a  suitable  form  for 
general  use,  and  a  carefully  worked-out  design  of  12-inch  valve 
was  prepared  as  shown  in  Figs.  1  and  22. 


5.  The  following  table  gives  information  in  regard  to  the 
valves  for  each  of  the  locomotives  with  which  valve  tests  were 
made : 


Locomotive 

Type  of  Valve 

Diameter 

OF  Valve, 
Inches 

Port  Area, 
Square 
Inches 

Weight 

OF  Valve, 
Pounds 

Cylinder 

Diameter, 

Inches 

Diameter  of 
Valve  Stem, 
Inches 

No. 

Class 

Type 

877 

K2sa 

Pacific. . . . . 

American . 

16 

63.91 

263 

24"^ 

2 

U 

a 

U 

L  Ring  Type,-- 

16 

63.91 

244 

24 

2 

u 

u 

U 

«  fc  *«:** 

12 

58.47 

120 

24 

2 

u 

u 

U 

tt  »  a 

11 

49.92 

24 

2 

318 

E3sd 

Atlantic . 

American . 

14 

74.23 

218 

22 

2 

U 

U 

U 

L  Ring  Type . 

10 

54.62 

120 

22 

2 

u 

U 

U 

7 

36.29 

76 

22 

2 

387 

H8sb 

Consolidation . .. 

American . . . 

14 

74.04 

224 

25 

2 

U 

a 

L  Ring  Type  . . . 

12 

64.11 

136 

25 

2 

6.  The  valves  were  of  two  types,  the  American  Semi-Plug 
and  the  L  ring.  The  general  form  of  the  American  valve  and 
a  section  of  its  ring  are  shown  in  Figs.  1  and  18,  while  the  general 
form  of  the  L  ring  valve  is  shown  in  Figs.  2  and  3.  A  further 
description  of  valves  of  these  two  types  is  given  in  Bulletin  No. 
7,  “Piston  Valves." 
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Fig.  1. 

THE  K2  LOCOMOTIVE  AND  ITS  VALVES. 

The  16-inch  American  Balance  Valve  Co.  semi-plug  piston  valve  and  the  new  form  of  12-inch  valve 
with  L  type  rings.  The  12-inch  valve  is  used  to  replace  the  16-inch  on  the  K2  locomotive  as 
shown  in  this  view.  The  large  valve  weighs  263  pounds  and  the  small  valve  120  pounds. 
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Fig.  2. 

VALVE  FOR  THE  K2  LOCOMOTIVE. 

The  16-inch  valve  of  the  L  ring  type  weighing  244  pounds, 
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lyOCOMOTlVES  USKD  FOR  VaLVF  TeSTS. 

7.  The  locomotives  used  for  these  tests  were  No.  877,  class 
K2sa,  a  simple  Pacific  type  locomotive,  No.  318,  class  E3sd,  a 
simple  Atlantic  type  locomotive,  and  No.  387,  class  H8sb,  a  simple 
Consolidation  type  locomotive.  These  locomotives  have  super¬ 
heaters  and  are  representative  of  the  road  locomotives  used  at 
the  present  time  in  the  passenger  and  freight  service  on  this 
railroad. 

Class  K2sa  Locomotive. 

8.  We  will  consider  first  the  valve  tests  with  the  K2sa  Pacific 
type  locomotive  No.  877.  This  locomotive  is  described  in  Bulletin 
No.  18,  where  the  tests  with  16-inch  valves  are  given  in  detail. 
The  valves  used  were  of  three  sizes,  the  regular  16-inch  valve  as 
shown  in  Figs.  2  and  3,  a  12-inch  valve  as  shown  at  A  in  Fig.  22  and 
a  specially  designed  valve  of  11  inches  diameter  as  shown  in  Fig.  4. 
The  American  valve  was  not  tried  with  this  locomotive. 

9.  There  are  plotted  in  Fig.  5  the  steam  consumption  in  pounds 
per  indicated  horsepower  and  the  indicated  horsepower  developed 
when  using  each  of  the  three  valves  previously  mentioned. 

10.  It  is  observed  that  the  steam  consumption  at  similar 
indicated  horsepowers  is  greatest  when  using  the  12-inch  valves. 
The  steam  consumption  then  amounts  to  20  pounds  per  indicated 
horsepower  when  developing  1400  i.h.p.  and  17.7  pounds  per 
indicated  horsepower  when  2400  i.h.p.  is  reached.  With  the  16- 
inch  valves  the  steam  per  i.h.p.  hour  is  lower,  ranging  from  17.5 
to  16.3  pounds  through  the  same  limits  of  power  developed  by 
the  locomotive.  The  locomotive  when  equipped  with  the  11- 
inch  valves  shows  a  still  greater  economy,  for  at  1400  i.h.p.  the 
steam  consumption  is  16.3  pounds  per  i.h.p.  hour,  and  at  2200 
i.h.p.  it  amounts  to  approximately  15.3  pounds.  The  maximum 
horsepower  is  the  same  with  the  16-  and  11-inch  valves. 

1 1 .  Referring  to  Fig.  6,  which  presents  in  a  like  manner  the 
relation  between  the  total  steam  consumption  per  hour  and  the 
indicated  horsepower  developed  by  this  locomotive  when  equipped 
with  each  of  these  different  size  valves,  the  same  inconsistency  is 
apparent. 
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Fig.  3. 

PISTON  VALVE  AND  VALVE  CAGE— K2sa  LOCOMOTIVE. 
The  16-inch  valve  of  the  L  ring  type. 
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Fig.  4. 

VALVE  AND  VALVE  CAGE— CLASS  K2sa  LOCOMOTIVE. 
The  11 -inch  valve  with  L  type  rings. 
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Fig.  5. 

STEAM  PER  INDICATED  HORSEPOWER— K2sa  LOCOMOTIVE. 

The  indicated  horsepower  and  steam  per  horsepower  with  valves  16,12  and  11  inches  in  diameter.  The 
12-inch  valve  in  this  case  shows  the  highest  water  rate,  but  the  smallest  valve,  the  11-inch,  shows  the 
lowest  rate. 
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LOCOMOTIVE : 

TYPE_ . 

CLASS . No. 


M.  P.  479  C 

Pennsylvania  Railroad  Company 

Paii.ADUjm&,  B^LTmoBi  A  WASBDieTox  Bailboad  Cowpaht 
-IMM  Nobthibb  Cbbtbal  Bailwat  Cokpaht 

_  Wbst  Jbbsbt  a  Sbasbobb  Bailboad  Cohpaht 


«  X  loH 


10-15-11 


SHEET  No.„„..?r.l.?97. 


TEST  DEPARTMENT 


Bulletin  No . ?? . 

Altoona.  PA..„.S!-l*l.Sil5 


Fig.  6. 

STEAM  AND  HORSEPOWER— K2sa  LOCOMOTIVE. 
The  total  steam  and  Indicated  horsepower  for  the  three  valves. 
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12,  There  is  a  greater  steam  consumption  with  the  12-inch 
valves  than  with  the  IG-inch  valves,  and  the  locomotive  when 
fitted  with  11-inch  valves  shows  a  greater  economy  in  water  than 
when  it  is  equipped  with  either  the  12-inch  or  16-inch  valves 
throughout  the  whole  range  of  power  output. 

•  13.  The  least  back  pressure  in  pounds  per  square  inch  is 

plotted  with  the  indicated  horsepower  in  Fig.  7.  The  single 
curve  drawn  through  the  points  plotted  for  each  of  the  three 
valves  indicates  that  the  least  back  pressure  is  the  same  on  this 
locomotive  regardless  of  whether  it  is  fitted  with  valves  whose 
diameters  are  16  inches,  12  inches  or  11  inches. 

14.  The  least  back  pressure  increases  from  2.4  pounds  at 
1400  i.h.p.  to  15  pounds  at  2400  i.h.p.  as  shown  by  the  curve. 
That  the  12-inch  valve  does  not  limit  the  horsepower  has  been 
demonstrated  by  tests,  in  another  series,  where  this  locomotive, 
with  12-inch  valves,  developed  2489.5  i.h.p.  at  240  r.p.m.  or  56 
m.p.h.  and  with  a  cut-off  of  50  per  cent. 

Class  E3sd  Locomotive. 

15.  The  Atlantic  type  locomotive,  class 'E3sd,  using  super¬ 
heated  steam  and  ordinarily  equipped  with  14-inch  valves,  had  its 
valve  chambers  bushed  first  for  10-inch  valves  and  then  for  7- 
inch  valves. 

16.  The  14-inch  valve  is  shown  in  Fig.  8,  the  10-inch  valve  in 
Fig.  9  and  the  7-inch  valve  in  Fig.  10.  All  of  these  valves  are 
of  the  L  ring  type. 

17.  The  steam  consumption  per  indicated  horsepower  hour 
is  approximately  the  same  for  this  locomotive  when  it  is  equipped 
with  any  one  of  these  three  valves.  The  steam  consumption 
ranges  between  19  pounds  per  i.h.p.  at  900  i.h.p.  and  18.3 
pounds  per  i.h.p.  at  1950  i.h.p.  as  indicated  by  the  curve  in  Fig.  11. 

18.  It  is  likewise  shown  in  Fig.  12  that  the  total  steam  con¬ 
sumption  per  hour  is  the  same  for  like  indicated  horsepowers' 
regardless  of  which  of  the  three  valves  is  applied  to  this  locomotive. 

19.  The  least  back  pressure  in  pounds  per  square  inch  is 
plotted  with  the  indicated  horsepower  in  Fig.  13,  and  it  is  observed 
that  the  least  back  pressure  for  the  7-inch  valve  is  greater  than  that 
for  the  larger  14-inch  valve,  while  the  10-inch  valve  has  a  least 
back  pressure  less  than  that  of  either  the  14-inch  or  7-inch  valves 
at  like  horsepowers. 
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INDICATED  HORSEPOWER  AND  BACK  PRESSURE— K2sa  LOCOMOTIVE. 
There  is  little  difference  in  the  back  pressure  with  the  different  valves. 
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Fig.  8. 

VALVE  AND  VALVE  CAGE— CLASS  E3sd  LOCOMOTIVE. 
The  14-inch  valve  which  was  standard  for  this  loconwtive. 
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Fig.  9. 

VALVE  AND  VALVE  CAGE— CLASS  E3sd  LOCOMOTIVE. 
The  10-inch  valve. 
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This  was  the  smallest  valve  tried,  7  inches  in  diameter.  The  valve  cage  had  to  be  made  very  thick. 


\ 
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LOCOMOTIVE ; 
E39d 


CLASS. 


No.- 


M.  P.  479  C 

Pennsylvania  Railroad  Company 

Pan^XLraiA,  BALmoBi  A  WAsBtRSTon  Railboad  Coxfaxt 
__  .  Nobthibb  Cbrtbai.  Railwat  Coxpaht 

Wbst  Jbbsbt  &  Sbabhobb  Railroad  Cokpaht 


8  X  lOH 


10-15-n 


SHEET  No _ 


TEST  DEPARTMENT 


Bulletin  No . .23 . . 

Altoona.  Pa . 


Fig.  11. 

STEAM  PER  HORSEPOWER— CLASS  E3sd  LOCOMOTIVE. 
No  distinction  can  be  made  between  the  different  sizes  of  valves. 
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LOCOMOTIVE : 

TYPE„jtr4ri8.... 

CLASS  _  No 


H  P.  479C 

PENNSYLVANIA  RAILROAD  COMPANY 

PanjununuA,  BAi.Tni<nB  A  WAumtsToa  Uaumoab  Cokpamt 
__  M  NOWmBM  CUTBAI.  lUnWAT  CoMTAWr 

vXO  Wmt  JaaoT  A  8BA«R<ma  Railmoad  CoMPAar 


SHEET  No _ 

FialK)zi..Yalve..J2iame 


Fig.  12. 

STEAM  AND  HORSEPOWER— CLASS  E3sd  LOCOMOTIVE. 
The  total  steam  and  indicated  horsepower  for  three  valves. 
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LOCOMOTIVE : 

TYPE_.__4=4r2.. 

CLASS _ 


No.-SliS. 


M.  P.  4nc 

PENNSYLVANIA  RAILROAD  COMPANY 

PwTT.Anmi.TfiiA,  Bai^timobs  A  Wasbxngtoit  Ratijioap  Compamt 
HoKTasBN  Cbhtbai.  Rao-wat  Coxpakt 
Wmbt  Jsbskt  a  Bbaahorx.  RAiumAD  Compabt 


8x1^ 


ii-ao-M 


SHEET  No.  P!>i»lSll-. 
:P.i9.tQn...Yalv©„J)iametsr^^ 


TEST  DEPARTMENT 


Bullstin  No.  25 


Altoona.  Pa.  9-1-1918 
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F3g.  13. 

INDICATED  HORSEPOWER  AND  BACK  PRESSURE— E3sd  LOCOMOTIVE, 
There  is  little  difference  in  the  back  pressure  with  the  different  valves. 
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20.  Comparing  the  curv^es  representing  the  performance  of 
the  K2sa  and  the  E3sd  locomotives,  it  is  noted  that  in  the  case  of 
the  K2sa  locomotive,  where  the  steam  consumption  varies  with  the 
size  of  the  valve,  the  least  back  pressure  is  constant  regardless  of 
the  valve  diameter,  while  with  the  E3sd  locomotive  just  the 
reverse  is  true.  Thus,  it  would  appear  that  the  question  of  valve 
diameter  does  not  enter  when  considering  the  steam  economy  of  a 
locomotive.  The  inconsistencies  of  the  curves  cannot  fail  to 
attract  attention. 

Typical  Indicator  Diagrams  por  E3sd  Locomotive. 

21.  Typical  indicator  diagrams  representative  of  the  cylinder 
performance  of  this  locomotive  when  equipped  with  7-inch  valves 
are  given  on  Figs.  14  and  15.  Indicator  cards  are  similarly 
shown  in  Figs.  16  and  17  for  this  locomotive  when  equipped  with 
the  10-inch  valves. 

22.  With  each  diagram  are  given  the  test  number,  the  scale  of 
pressure,  whether  taken  from  the  right  or  left  side  or  from  the  head 
or  crank  end  of  the  cylinder,  and  below  the  diagram  are  given  the 
speed  in  revolutions  per  minute  and  miles  per  hour,  the  nominal 
cut-off  and  the  indicated  horsepower.  The  steam-chest  diagram 
is  given  for  cards  taken  from  the  left  side  of  the  locomotive. 

Class  H8sb  Locomotive. 

23.  A  series  of  tests  was  made  on  the  H8sb  consolidation 
type  superheated  steam  locomotive  equipped  with  14-inch  valves, 
and  later  a  number  of  tests  were  made  with  the  12-inch  valves. 

24.  The  original  14-inch  American  semi-plug  type  valve  used 
during  these  tests  is  shown  on  Fig.  18.  The  12-inch  L  ring  type 
of  valve  is  shown  at  A  in  Fig.  22. 

25.  The  tests  were  run  at  speeds  ranging  between  10.7  and 
30.5  miles  per  hour  with  cut-offs  between  20  and  50  per  cent,  of 
the  stroke. 

26.  The  steam  consumption  per  indicated  horsepower  hour 
is  plotted  in  Fig.  19  with  the  indicated  horsepower  developed  by 
the  locomotive  when  fitted  with  the  14-inch  and  12-inch  valves. 
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These  diagrams  were  made  with  the  7-inch  valves. 
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LOCOMOTIVE:  PENNSYLVANIA  RAILROAD  COMPANY 

pHii.ADBi.PHiA,  Baltimore  *  Washington  Railroad  Compa.nv 
TYPE  Northern  Central  Railway  Company 

CLASS  E  3  8  O  No.  3  I  S"  JERSEY  &  Seashore  Railroad  Compa.vy 

- -  TEST  DEPARTMENT 


Sheet  No.  P73®> 
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BULLETIN  No  ‘EL'S 
Altoona.  Pa..'^-  IT-191'5 


^  Ml 
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40 
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rULL 


ITOZ.S 


SPEED.  M.P.H.  55.8 


Sheet  No.PT3& 


Fig.  15. 

TYPICAL  INDICATOR  DIAGRAMS— CLASS  E3sd  LOCOMOTIVE. 
These  diagrams  were  made  with  the  7-inch  valves. 
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Northern  Central  Railway  Company 
West  Jersey  &  Seashore  Railroad  Company 


TEST  DEPARTMENT 
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Fig.  16. 

TYPICAL  INDICATOR  DIAGRAMS— CLASS  E3scl  LOCOMOTIVE, 
These  diagrams  were  made  with  the  10-inch  valves. 
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TYPE  •4-4- -2 

CLASS  E3SD  No.  ,  318 
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PENNSYLVANIA  RAILROAD  COMPANY 

Philadelphia,  Baltimore  &  Washington  Railroad  Company 
Northern  Central  Railway  Company 
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Fig.  17. 

TYPICAL  INDICATOR  DIAGRAMS— CLASS  E3sd  LOCOMOTIVE. 
These  diagrams  were  made  with  the  10-inch  valves. 
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Fig.  18. 

VALVE  AND  VALVE  CAGE— CLASS  H8sb  LOCOMOTIVE. 
This  was  the  standard  valve  for  this  class  of  locomotive. 
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27.  It  is  observed  from  the  curves  representing  the  perform¬ 
ance  of  this  locomotive  that  the  steam  consumption  per  i.h,p. 
hour  is  less  for  the  14-inch  than  for  the  12-inch  valves.  The  steam 
consumption  for  the  12-inch  valves  ranges  between  23.1  and  18.6 
pounds  of  steam  per  indicated  horsepower  hour  when  the  power 
developed  by  the  locomotive  ranges  between  600  and  1800  indi¬ 
cated  horsepower.  With  the  14-inch  valves  the  steam  consumption 
ranges  between  20.8  and  17.6  poimds  of  steam  per  indicated  horse¬ 
power  hour  through  the  same  range  in  the  power  developed  by 
the  locomotive.  There  is  no  appreciable  loss  in  horsepower  with 
the  smaller  valves. 

28.  It  is  similarly  shown  in  Fig.  20  that  when  the  locomotive 
is' equipped  with  the  smaller  12-inch  valves  the  total  steam  con¬ 
sumption  in  pounds  per  hour  is,  at  like  indicated  horsepowers, 
larger  than  the  steam  consumption  obtained  when  using  14-inch 
valves. 

29.  Curves  plotted  in  Fig.  21  with  the  least  back  pressure  in 
pounds  per  square  inch  as  ordinates  and  the  indicated  horsepower 
as  abscissae  show  that  the  least  back  pressure  is  less  when  using 
14-inch  valves  than  when  the  small  12-inch  valves  are  used.  As 
the  power  of  the  locomotive  is  increased  from  600  to  1800  i.h.p. 
the  least  back  pressure  increases  from  1.3  to  8.7  pounds  when  using 
12-inch  valves,  while  with  the  14-inch  valves  the  least  back  pres¬ 
sure  increases  from  0.8  to  7.9  pounds. 

New  12-Inch  Valve. 

30.  The  form  of  the  12-inch  valve  used  in  the  tests  is  shown 
at  A  in  Fig.  22.  It  consists  of  a  spool  or  central  portion  made 
up  of  a  seamless  steel  tube,  the. tube  being  flanged  at  each  end 
and  the  central  part  reduced  in  diameter  to  make  it  lighter  in 
weight.  The  rings  are  of  cast  iron  of  an  L  section. 

31.  Since  the  tests  were  made  the  valve  has  been  modified 
as  shown  at  B  in  Fig.  22.  The  new  valve,  which  is  now  standard, 
in  two  overall  lengths,  is  suitable  for  all  piston  valve  road 
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Fig.  19. 

STEAM  PER  HORSEPOWER— CLASS  HSsb  LOCOMOTIVE. 
In  this  case  the  14-inch  valve  shows  the  lower  steam  consumption. 
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Fig.  20. 

STEAM  AND  HORSEPOWER— H8sb  LOCOMOTIVE. 
The  total  steam  and  indicated  horsepower  for  the  two  valves. 
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Z.S 


Fig.  21. 

INDICATED  HORSEPOWER  AND  BACK  PRESSURE-H8sb  LOCOMOTIVE. 
There  is  little  difference  in  the  back  pressure  with  the  different  valves. 
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Fig.  22-A. 

PISTOI^  VALVE,  12  INCHES  IN  DIAMETER. 

This  is  the  general  form  of  the  light  12-inch  valve  with  L  type  rings  as  used  in  the  test  A  photograph 

is  shown  in  Fig.  1. 
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Fig.  22-B. 

PISTON  VALVE,  12  INCHES  IN  DIAMETER. 

This  is  the  present  form  of  the  light  12-inch  valve,  it  has  rings  of  the  anchored  L  type. 
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locomotives.  It  consists  of  a  spool  or  central  portion,  constructed 
from  a  piece  of  5|-inch  seamless  steel  tubing,  to  each  end  of 
which  is  welded  a  piece  of  boiler  plate  flanged  to  a  bell  shape. 
The  valve  heads  are  of  drop  forged  steel  and  each  has  four  arms. 
The  rings  are  of  cast  iron  of  the  anchored  L  section,  the  ends 
being  lapped  past  each  other  to  prevent  leakage.  The  rings  are 
held  apart  by  a  cast  iron  spacer.  The  complete  valve  weighs 
approximately  120  pounds. 

Method  of  Applying  the  12- Inch  Valve  to  Old  Locomotives. 

32.  The  application  of  the  12-inch  piston  valve  necessitated 
the  bushing  of  the  valve  chambers  or  steam  chests,  which  were 
originally  arranged  for  the  larger  valves.  For  this  purpose, 
valve  cages,  one  of  which  is  shown  in  Fig.  23,  were  designed. 


CONCLUSIONS. 

Valve  Diameter. 

1 .  This  series  of  tests  has  proven  that  differences  in  the  size 
of  the  valve  of  a  simple  locomotive  using  superheated  steam  do 
not  have  any  important  effect  upon  the  steam  consumption  or 
power. 

2.  The  inconsistencies  in  the  data  obtained  from  tests  of 
these  locomotives  of  different  types  are  so  considerable  that  no 
other  conclusion  can  be  intelligently  drawn. 

3.  It  is  also  true  that  the  condition  of  the  valve  has  more 
effect  upon  the  steam  consumption  of  a  locomotive  than  has  the 
valve  diameter.  With  the  valves  in  first-class  condition,  it  is 
possible  that  the  steam  convSumption  will  be  identically  the  same 
regardless  of  the  size  of  the  valve,  within  reasonable  limits,  as 
was  shown  in  Figs.  11  and  12  of  the  performance  of  the  E3sd 
locomotive  using  14-inch,  10-inch  and  7-inch  valves.  The  smallest 
diameter  valve  should  show  less  leakage  of  steam  on  account  of 
its  small  circumference,  but  it  does  not  do  so  in  this  case. 
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4.  To  establish  a  relation  between  the  valve  and  cylinder  so 
that  the  valve  may  be  standardized,  it  may  be  stated  generally 
that  the  diameter  of  the  valve  in  inches  for  superheated  steam 
should  not  be  less  than  0.016D^  where  D  =  the  diameter  of  cylinder 
in  inches.  The  12-inch  valve  is  now  used  for  cylinders  between 
20  and  27  inches  in  diameter,  while  for  cylinders  of  20  inches  or 
less  an  8-inch  valve  is  used.  Cylinders  above  27  inches  diameter 
have  not  been  used  for  any  class  of  locomotive  of  which  there  is 
more  than  one  example,  and  a  valve  diameter  for  such  cylinders 
need  not  be  considered  at  present. 

5.  Decreasing  the  valve  diameter  on  a  locomotive  necessitates 
increasing  the  percentage  of  cut-off  to  obtain  the  same  power 
at  the  same  speed.  This  causes  a  longer  valve  travel. 
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Fig.  23. 

VALVE  CAGE  FOR  ADAPTING  THE  12-INCH  VALVE. 

This  form  of  valve  cage  is  used  where  the  old  cylinders  have  steam  chests  for  valves  larger  than  12-inch. 
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of  Water 

Calorific 
Value 
of  Dry 

Fuel, 

B.T.U.perLb. 

cinders 
Coilected  In 
Smoke  Box, 
Pounds 
par  Hour 

R.  P.M.  Cirt-of(tlirotUt 

196 

199 

203 

268  to  27t 

217 

222 

226 

248 

238 

3031 

120-25wP 

2a00 

27*91 

Pall 

25.6 

Reotan^ 

[  203.9 

3.7 

0.04 

14350 

3032 

200-25-P 

2a00 

46*52 

n 

24.3 

-lar 

205,0 

4*8 

0.04 

14350 

3033 

200-35-F 

1*50 

46.52 

M 

31.3 

Area 

204.5 

6*3 

0,07 

14350 

3036 

200-60-F 

1*00 

46*52 

M 

48.8 

32.25  " 

203.6 

12.5 

0.15 

14399 

3034 

240-25-F 

1,50 

55*62 

n 

26.1 

H 

204.1 

5*5 

0*07 

14350 

3035 

240-35-F 

1,60 

55*82 

n 

31,0 

n 

204,7 

7*7 

0*10 

14350 

3039 

24CL-60-F 

1*00 

55*82 

rt 

47.5 

ft 

204.4 

14*4 

0,17 

14399 

3040 

240-55-F. 

1.00 

55*82 

n 

52*0 

ft 

201 

16*7 

0,14 

14399 

3036 

2e0..25-F 

1*50 

65,13 

K 

25,2 

« 

205.1 

6*6 

0.07 

14399 

3037 

280-35-F 

1.00 

65.13 

tf 

31*5 

H 

202.9 

8.7 

0.06 

14399 

TEST 

NUMBER 

BOILER  PERFORMANCE  1 

EN6INE  PEF 

IFORHANCE 

Dry  Fuel 
Fired 
per  Hour, 
Pounds 

Dry  Fuel 
per  Hour, 
pounds  per 

Sq.  Ft.  of 
Grate 

Water  ‘ 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

"^EQUIVALENT  EVAPORATION 

FROM  AND  AT  2120  F.,  POUNDS 

Boiler 

Horse 

Power 

OAKU.ofE.) 

Efficiency 
of  Boiler, 
Based 
on 

Fuel 

Pressure 

In 

Branch  Pipe, 
Pounds 
per  Sq  In- 

Suporhsat 

in 

Branch 

Pipe 

Degrees  F, 

Per 

Hour 

Per  Hour 
per  Sq  Ft. 

of  Fire 
Heatin'  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

345 

34T 

349 

350 

1  220 

230 

3031 

2929 

54.6 

20755 

27444 

6.4 

9.4 

795.6 

63,4 

r 199.1 

179.6 

3032 

2929 

54.5 

24870 

33340 

7.7 

11*4 

966,4 

7^'.0 

198,2 

214.0 

3033 

3905 

72.7 

28753 

38692 

9.0 

9.9 

1121.5 

67.0 

194.6 

222,1 

3038 

6673 

124.2 

40779 

55564 

12.9 

8.3 

1610.6 

56,1 

183,9 

263.6 

3034 

3423 

63,7 

27091 

36384 

8.4 

10.6 

1054.6 

71.9 

196.2 

217,3 

3035 

4361 

81.2 

32281 

43654 

10.1 

10.0 

1265.3 

67,7 

194,1 

238.4 

3039 

6689 

128.2 

44876 

61495 

14.3 

8.9 

1782,5 

60.2 

182.1 

275.1 

3040 

8004 

149.0 

47800 

65106 

15.1 

8*1 

1887.1 

54,8 

175.0 

266,6 

3036 

3520 

65.5 

29144 

39213 

9.1 

11.1 

1136.6 

75.1 

194.4 

227.5 

3037 

4835 

90.0 

33900 

46151 

10.7 

9.5 

1337.7 

64.3 

1  189.3 

255.5 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Least 

Back 

Pressiire- 

Drawbar 

Pull, 

Pounds 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamom, 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hoor, 
Pounds 

Machine 

Efficiency 

of 

Locofflothr*, 
Per  Cent 

Thermal 

Efficiency 

of 

Lacometfv*, 
per  Coat, 

214 

3T9 

380 

381 

265 

383 

384 

385 

398 

399 

3031 

20042 

1099. S 

2,7 

18*2 

2,0 

12569 

935.6 

3.1 

21.4 

85.1 

5.7 

3032 

24124 

1514.] 

1.9 

16*9 

3,9 

10320 

1280.3 

2.3 

16.8 

84.6 

7.7 

3033 

26464 

1756.7 

2.2 

16*2 

5.0 

12333 

1530.0 

2.6 

18.6 

87.1 

7,0 

3038 

40434 

2186. E 

3.1 

18.6 

10,8 

16390 

2033,3 

3.3 

19.9 

93.0 

5.4 

3034 

26749 

1738, C 

2.0 

15.4 

5.3 

9125 

1358.5 

2.5 

19.7 

78.2 

7.0 

3036 

31897 

1982.9 

2.2 

16*1 

7.3 

11220 

1670.3 

2.6 

19.1 

84.2 

6.8 

3039 

44140 

2402.^ 

2.9 

18*4 

14,7 

13037 

1940,8 

3.6 

22.7 

80,8 

5.0 

3040 

47420 

2399.2 

3,3 

19.8 

15.3 

13537 

2015.3 

4.0 

23.5 

84.0 

4.5 

3036 

28649 

1919.1 

1*8 

14*9 

6.2 

8438 

1465.5 

2.4 

19.6 

76.4 

7.4 

3037 

32976 

2162.0 

2*2 

16*3 

8.0 

9678 

1680,9 

2.9 

19.6 

77.8 

6*1 

36 


M.  F.  394  A— Sixth  Sheet 


LOCOMOTIVE: 

TYPE . 

CLASS . .K2»| . . 

NUMBER.  ..87T. . 


Pennsylvania  Railroad  Company 

Philad*lphi«,  BaHimora  &  Waahington  Railroad  Compaay 
Kortharn  Control  Railway  Company 
Woat  Joraoy  &  Soashoro  Railroad  Cempaay 

XESX  DEPARTMENT 


9-25-13 
H  X  LOH 


FUEL :  P.ezm ...QatS.. 

. . .Coa.l. . 

Ballet in  Ho *23 


Average  Results  of  Locomotive  Tests 

SUBJECT  :..Pi8lK>.n...y§lveJ)iMe^^^^^  . .  ALTOONA,  Pa., . .9-1-191.3. 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 


TEST 

DESIGNATION 


Dumtlon 

of 

Test, 

Hours 


Mile* 

per 

Hour 


Throttle 
Opening, 
Full  or 
Pirtlal 


Actual 
Cut-<ff 
Per  Cent, 
H.  P. 
Cylinders 


Exhaust 


NOZZLE 


Pressure 
In  Boiler, 
Lbs.  per 
Sq.  Inch 


Draft 

la 

Smoke  Box, 
Inchos 
of  Water 


Draft 

la 

Ash  Pan, 
Inchos 
of  Wator 


Calorific 
Value 
of  Dry 
Fuel, 

.T.  U.  per  Lb. 


Cinders 
Collected  In 
Smoke  Box, 
Pounds 
per  Hour 


L  P.  M.  Cut-off  Throttla 


196 


199 


203 


268  to  271 


217 


222 


226 


248 


238 


3394 

3395 

3303 

3304 

3309 

3310 

3311 
3812 
33U 


120-2a^.P 
120-20-P 
200-35-P 
200-35-F 
240-25->F 
240-25-F 
240-3 &.! 
240-35-P 
240-50-F 


2,00 

1.50 

2.0C 

1.50 

1.50 
1,00 
1.50 
1,00 
1.00 


26.30 

28.30 

47.16 

47.16 
56.59 
56.59 

56.69 

56.59 

56.59 


Pall 

N 

N 

« 

N 

M 

N 

n 

It 


39.1 
39,4 

39.1 

38.7 
26.0 

25.8 

40.1 
39,4 

51.2 


Poor  1 205,0 
Isterad  205.0 
Project  206,1 


Area 

33.32 


205.2 

204.9 

204.9 

204.6 

205.0 

186.9 


5.8 

5.8 
9,0 
9.1 

6.8 
6.8 

10.5 

10. e 

14.0 


0,09 

0.09 

0.12 

0.12 

0.09 

0,09 

0.12 

0.14 

0.11 


14553 

14553 

14596 

1459G 

14590 

14590 

14590 

14590 

14723 


BOILER  PERFORMANCE 


ENGINE  PERFORMANCE 


TEST 

NUMBER 


Dry  Fuel 
Fired 
per  Hour, 
Pounds 


Dry  Fuel 
per  Hour. 
Pounds  per 
Sq.  Ft.  of 
Grate 


Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 


EQUIVALENT  EVAPORATION 

FROM  AND  AT  212®  F.,  POUNDS 


Per 

Hour 


Per  Hour 
per  Sq  Ft. 

of  Fire 
Heating  Sur. 


Per 

Pound 

of 

Dry  Fuel 


Boiler 

Horse 

Power 

(34HU.ofE.> 


Efficiency 
of  Boiler, 
Based 
on 
Fuel 


Pressure 

in 

Brahch  Pipe, 
Pounds 
por  Sq  In. 


Suporhaat 

In 

Branch 

Pipe 

Degrees  f. 


3894 

3395 

3503 

3304 

3309 

3310 

3311 

3312 
3314 


338 


339 


340 


344 


34S 


347 


349 


350 


220 


230 


3463 

3460 

4923 

4876 

3348 

3402 

5244 

6172 

8846 


64.47 

64.41 

91.64 

90.77 

62.32 

63.33 
97,62 
96.28 

164.67 


28396 

28310 

35883 

35887 

30911 

80617 

39457 

39243 

45624 


36288 

36302 

46874 

47004 

39873 

39448 

51697 

51526 

59946 


6.4 

8.4 

10.9 

10.9 
9.3 
9.2 

12,0 

12.0 

13.9 


10.6 

10.5 

9.5 

9.6 
11.9 

11.6 

9.9 

10.0 

6.8 


1051.8 

1052.2 

1368.7 

1362.4 

1155.8 

1143.4 

1498.4 

1493.5 

1737.6 


69.9 

70,0 

63.3 

64.1 

79.2 

77.2 

65.6 

66.3 

44.7 


195.4 

193.8 

189.4 

189.6 
193.0 

192.9 
186.1 

166.7 
159.3 


143.2 

150.4 

199.1 

205.6 

163.7 

168.5 

204.1 
209.4 

220.2 


TEST 

NUMBER 

E 

NGINE 

PERFORMANCE 

LOCOMOTIVE  PERFORMA 

NCE 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Least 

Back 

Pressure 

Drawbar 

Pull, 

Pounds 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent 

Thermal 

Efficiency 

of 

Locomotive, 
per  Cent., 
(Based  on  Fuel| 

214 

379 

380 

381 

266 

383 

384 

386 

398 

399 

3394 

18481 

1402.1 

2.5 

20,0 

4.5 

16312 

1230. e 

2.8 

22,8 

87.8 

6.2 

3395 

18378 

1406.8 

2.5 

19,9 

4.2 

16461 

1242.1 

2.8 

22.5 

88.3 

6.3 

3303 

35623 

1932.5 

2.6 

18,4 

6.7 

12918 

1624, £ 

3.0 

21,9 

84.1 

5.8 

3304 

35593 

1941.0 

2,5 

18.3 

6.5 

12794 

1608. e 

3,0 

22.1 

82.9 

5.6 

3309 

30708 

1765.5 

1.9 

17.4 

6.4 

8382 

1264.9 

2.7 

24.3 

71.7 

6.6 

3310 

30283 

1758.1 

1.9 

17.2 

6.2 

8311 

1254.2 

2.7 

24.1 

71.3 

6.4 

3311 

39188 

2261.4 

2.4 

18.0 

9.5 

10698 

1614.4 

3.3 

24.3 

74.0 

5.4 

3312 

38958 

2195.3 

2.4 

17.8 

9.0 

10628 

1603. S 

3,2 

24.3 

73,0 

5.4 

3314 

45427 

2244.5 

3.9 

20.2 

12.1 

11530 

1740.0 

5.1 

26,1 

77.5 

3.4 

37 


LOCOMOTIVE: 

type 

CLASS . Med... 

NUMBER . .318... 


M.  P.  394  A-8ixth  Sheet 

Pennsylvania  Railroad  Company 

Philtd«lphis,  Baltimort  &  Waahingten  Railroad  Compaay 
Northara  Central  Railway  Company 
Weet  Jersey  &  Seashore  Railroad  Company 

XESX  DEPARXMENX 


Average  Results  of  Locomotive  Tests 

SUBJECT  :  ..Zis.t.Qn....ValY.e  . Diameter. .......14.  in.  ..Yalye.s^ .  Altoona,  Pa., . 9-J- 


8ZlU>i 

FUEL: . E.ann....Qaa... 

. . „...C.oal . 

Bulletin  No *23 


TEST 

NUMBER 

RUNNING  CONDITIONS 

1 

1 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hours 

Miles 

per 

Hour 

Throttle 

Opening, 

Full  or 
Partial 

Actual 

Cut-off 

Per  Cent.r 

H.  P. 
Cylinders 

Exhaust 

NOZZLE 

Pressure 

In  Boiler, 
Lbs.  per 

Sq.  Inch 

Draft 

In 

Smoko  Box, 
Inches 
of  Water 

Draff 

in 

Ash  Pan, 
Inches 
of  Water 

Calorific 
Value 
of  Dry 

Fuel, 

B.  T.  U.  per  Lb. 

cinders 
Collected  in 
Smoko  Box, 
Pounds 
ptr  Hour 

It.  P.  M.  Cut-off  Throttle 

196 

199 

203 

268  to  271 

217 

222 

225 

248 

238 

3112 

120-30-F 

2.00 

26.01 

Pull 

25.2 

Rectal© 

205.2 

4.4 

0,12 

14442 

3115 

200-35-F 

2.00 

46.68 

tt 

32.7 

-lar 

206.0 

9.3 

0.23 

tt 

3135 

200-35-P 

1,00 

46.68 

tl 

31,1 

Area 

206.0 

8,0 

0.12 

14581 

3124 

200-4  5-F 

1.50 

46.68 

tt 

41.5 

25.44  •» 

203.0 

12.3 

0.34 

14266 

3139 

240-4 5-F 

1,00 

56.02 

tt 

41.9 

It 

196.4 

12.8 

0.21 

14581 

3109 

240-45-F 

1.00 

56.02 

It 

42.1 

tl 

195.9 

13.7 

0.41 

14442 

TEST 

NUMBER 

BOILER  PERFORMANCE 

ENGINE  PEF 

IFORMANCE 

Dry  Fuel 
fired 
per  Hour, 
Pou.'.ds 

Dry  Fuel 
per  Hour. 
Pounds  per 

Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler. 
Pounds 
per  Hour 

equivalent  evaporation 

FROM  AND  AT  212°  F..  POUNDS 

Boiler 

Horse 

Power 

(34K  U.  of  E.) 

Efficiency 
of  Boiler, 
Based 

on 

Fuel 

Pressure 

In 

Branch  Pipe, 
Pounds 
per  Sq  In- 

Superheat 

In 

Branch 

Pipe 

Degrees  F, 

Per 

Hour 

Per  Hour 
per  Sq  Ft. 

of  Fire 
Heatin'  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

345 

347 

349 

350 

220 

230 

3112 

2240 

41.64 

18085 

23532 

9.9 

10.5 

682.1 

70.6 

199.2 

138,4 

3115 

4042 

75.15 

26924 

35641 

15.0 

8.8 

1033,1 

59.3 

193.2 

179.3 

3135 

3663 

68.29 

25650 

34513 

14,5 

9.4 

1000.4 

62.7 

194.7 

227.4 

3124 

5491 

102.01 

32885 

44275 

18.6 

6.1 

1283.6 

54.9 

186.0 

232.3 

3139 

5977 

111,44 

33970 

46078 

19.4 

7.7 

1335.6 

51.3 

178.0 

253.8 

3109 

5703 

106.03 

34737 

46073 

19.4 

8.1 

1335.4 

54.3 

• 

175.6 

193.4 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 

Drawbar 

Pull, 

Pounds 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 

per 

Dynamom, 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermal 

Efficiency 

of 

Locomotive, 
per  Cent., 
(Based  on  Funli 

265 

383 

384 

385 

398 

399 

9516 

710.6 

3.2 

29,8 

75.2 

5,59 

9953 

L238,8 

3.3 

21,5 

80,0 

5.41 

L0763 

L339.6 

2.7 

18.9 

85.0 

6.39 

L2357 

L538 .0 

3,6 

21,0 

84.5 

5,00 

L0536 

L573.6 

3.8 

21.4 

78.5 

4,59 

L0274 

L534.4 

3.7 

22.4 

82,4 

4.74 

TEST 

NUMBER 


Dry  Steam 
to 

Engines, 
Pounds 
per  hour 


21A 


3112 

3115. 

3135 

3124 

3139 

3109 


17828 

26644 

25343 

32353 

33628 

34360 


Indicated 

Horse 

Power 


379 


945.1 

1548.9 

1574.8 
1820.6 
1959.0 

1861.8 


Dry  Fuel 

per 

Indicated 

Horse 

Power  Hour, 
Pounds 


380 


2.4 

2.6 

2.3 

3.0 

3.1 

3.1 


Dry  Steam 

per 

Indicated 

Horse 

Power  Hour, 
Pounds 


381 


18.9 

17.2 
16.0 
17.8 

17.2 
18.5 


Least 

Back 

Pressure 


3.3 

7.2 

4.6 

11.5 

11.8 

12,7 


38 


LOCOMOTIVE; 

type  4-4^2 . 

CLASS . IS5»(3l . 

number . .31.6.. 

SUBJECT:  Piston. 


M.  P.  394  A— Sixth  Sheet 

Pennsylvania  Railroad  Company 

Phil«d«lphia,  BaHimort  A  Wathington  Railroad  Company 
Northern  Central  Railway  Company 
Weat  Jeraey  A  Seaehora  Railroad  Company 

TEST  department 


8 


FUEL :  Pe.nn  .Gas... 

. .Coal . 

Bulletin  No *23 


Valve 


Average  Results  of  Locomotive  Tests 

...Diaro.e.teT....- ..IQ.  .In.  ValYC-e .  Altoona,  Pa., 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hours 

Miles 

per 

Hour 

Throttle 
Opening, 
Full  or 
Partial 

Actual 

Cut-off 

Per  Cent., 

H.  P, 
Cylinders 

Exhaust 

Nozzle 

Pressure 

In  Boiler, 
Lbs.  per 

Sq.  Inch 

Draft 

in 

Smoke  Box, 
Inches 
of  Water 

Draft 

In 

Ash  Pan, 
Inches 
of  Water 

Calorific 
Value 
of  Dry 

Fuel, 

8.  T.  U.  per  Lb. 

Cinders 
Collected  in 
Smoke  Box, 
Pounds 
per  Hour 

R.  P.  ■.  Cut-olf  ThroHle 

196 

199 

203 

268  to  271 

1  217 

222 

225 

248 

238 

3144 

120-30-F 

2,00 

27.< 

? 

Full 

30.4  : 

lectangi 

205.2 

4.8 

0.13 

14541 

3145 

200- 35- F 

1. 

50 

46.! 

5 

It 

37.9 

-lar 

205.1 

10.4 

0.27 

•1 

3148 

200-45-F 

1.00 

46.. 

5 

ft 

44.4 

Area 

201.6 

12.6 

0.25 

ft 

3149 

200-60-F 

1.00 

46.. 

5 

tl 

46.8 

25.44  ^ 

192.4 

12.1 

0.29 

It 

3146 

240-40- F 

1.25 

55.8 

tt 

41.8 

- 

192,2 

12.7 

0.20 

ft 

3147 

240-40-F 

1,00 

55.8 

It 

42.5 

tt 

200.0 

12.2 

0,30 

n 

BOILER  PERFORMANCE 

ENSINE  PEF 

FORMANCE 

TEST 

Dry  Fuel 

Dry  Fuel 
per  Hour. 
Pounds  per 

Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

PROM  AND  AT  2120  F..  POUNDS 

Boiler 

Horse 

Power 

(34HU.ofE.) 

Efficiency 
of  Boiler, 
Based 

on 

Fuel 

Pressure 

Superheat 

in 

Branch 

Pipe 

Degrees  F. 

NUMBER 

Fired 
per  Hour, 
Poundt 

Per 

Hour 

Per  Hour 
per  Sq  Ft. 

of  Fire 
Heatln;  $ur. 

Per 

Pound 

of 

Dry  Fuel 

Branch  Pipe, 
Pounds 
per  Sq  In- 

338 

339 

340 

344 

345 

347 

349 

350 

220 

230 

3144 

2404 

44 

,0 

19321 

25512 

10.7 

10.6 

739.5 

70.8 

196.7 

175.4 

3145 

5331 

97 

,5 

29854 

40199 

16.9 

7.5  i 

1165,2 

50.3 

190,4 

228.3 

3148 

6402 

117 

.0 

33211 

44704 

18.8 

7.0 

1295.8 

46.6 

183.7 

230.2 

3149 

5538 

101 

.2 

34177 

46147 

19,4 

8.3 

1337,6 

55.6 

173.6 

237.4 

3146 

5307 

97 

.0 

31910 

43368 

18.2 

8.2 

1257.1 

54.5 

174,2 

257.8 

3147 

5472 

100 

.0 

33516 

45613 

19.2 

8.3 

1322.1 

55.7 

182.3 

260,0 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

indicated 

Horse 

Power  Hour, 
Pounds 

Least 

Back 

Pressure 

Drawbar 

Pull, 

Pounds 

Dynamometor 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamem. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermal 

Efficiency 

of 

Locomotive, 
per  Cent, 
(BasedonFueh 

214 

379 

380 

381 

265 

383 

384 

385 

398 

399 

3144 

18867 

1053.4 

2.3 

17,9 

2.4 

11354 

845.1 

2,8 

22.3 

80.2 

6.2 

3145 

29538 

1736.1 

3.1 

17.0 

9.2 

11573 

1435.7 

3.7 

20.6 

82.7 

4.7 

3148 

32873 

1839.2 

3.5 

17.9 

12.0 

12455 

1545.2 

4.1 

21.3 

84.0 

4.2  . 

3149 

33877 

1804.2 

3.1 

18.8 

13.0 

12322 

1528.7 

3.6 

22.2 

84.7 

4.8 

3146 

31552 

1831.1 

2.9 

17.2 

10.5 

9838 

1464.6 

3,6 

21.5 

80.0 

4.8 

3147 

33171 

1922.9 

2,9 

17.3 

11.8 

10366 

1543.2 

3.6 

21.5 

80.3 

4.9 

39 
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LOCOMOTIVE: 

TYPE  4rt4rr2. 
rti  A.Q.c  B38d 

M.  F.  394  A-Sixth  Sheet 

Pennsylvania  Railroad  Company 

Philadelphit,  Baltimore  4  W.ohiogtoii  Boilroad  Company 

Northern  Central  Railway  Company 

Wnet  Jnrtay  4  Sanahnra  Railroad  Company 

TEST  department 

tixiuH 

FllFL-Penn  C5as 

Coal 

NUMBER  .  318 

Average  Results  of  Locomotive  Tests 

Ballet  in  Ho  ,23 

SUBJECT  :.PlStDXl..Ialve 

.iii.....yalTe.. . 

Altoona,  Pa.,. 

9-1-1913 

RUNNING  CONDITION 

s 

BOILER  PERFORMANCE 

TEST 

NUMBER 

TEST 

DESIGNATION 

Duration  , 
of 

Test, 

Hours 

Miles 

per 

Hour 

Throttle 

Opening, 

Full  or 
Partial 

Actual 

Cut-off 

Per  Cent, 

H.  P. 
Cylinders 

Exhaust 

Nozzle 

Pressure 

In  Boiler, 
Lbs.  per 

Sq.  Inch 

Draft 

la 

Smoke  Box, 
Inches 
of  Water 

Draft 

In 

Ash  Pan, 
Inches 
of  Water 

Calorific 
Value 
of  Dry 

Fuel, 

B.T.U.perLb. 

cinders 
Collected  la 
Smoke  Box, 
Pounds 
per  Hoar 

R.  P.  H.  Cut-off  Throttle 

196 

199 

203 

268  to  271 

217 

222 

225 

248 

238 

3150 

120-30-F 

l.OO 

27.9 

Full 

30.9 

Rectana  205,0 

4.2 

0.14 

14541 

3151 

200-35-F 

1.50 

46.5 

It 

33.9 

-ular 

204.7 

7.1 

0.22 

14541 

3152 

200-45-F 

1.00 

46.5 

tt 

43.8 

Area 

203.6 

10,8 

0.32 

14541 

3156 

200-46 -F 

1,00 

46.5 

•t 

44.2 

25.44  " 

203.6 

11.8 

0.29 

14360 

,3154 

200-50-F 

1,00 

46.5 

n 

45,6 

It 

197.4 

11.8 

0,31 

14360 

3156 

200-50-F 

1,00 

46.5 

tt 

46,8 

II 

198.7 

12.8 

0.31 

14360 

3153 

240-40-F 

1.00 

55.8 

If 

39.5 

tt 

199.0 

11.1 

0,29 

14360 

TEST 

UMBER 

BOILER  PERFORMANCE  I 

ENGINE  PEE 

[PORMANCE 

Dry  Fuel 
Fired 
per  Hour, 
Pounds 

Dry  Fuel 
per  Hour. 
Pounds  per 

Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212°  F.,  POUNDS 

Boiler 

Horse 

Power 

(34HU.ofE.) 

Efficiency 
of  Boiler, 
Based 

on 

Fuel 

Pressure 

in 

Branch  Pipe, 
Pounds 
per  Sq  In- 

Superheat 

in 

Branch 

Pipe 

Degrees  F. 

Per 

Hour 

Per  Hour 
per  Sq  Ft. 

of  Fire 
Heatia;  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

345 

347 

349 

350 

220 

230 

3150 

1966 

35.9 

18014 

23699 

10.0 

12.1 

686.9 

80.4 

199.1 

166.2 

3151 

3173 

58.0 

24756 

33109 

13.9 

10.4 

959.7 

69.6 

194.2 

209.1 

3152 

5219 

95,4 

31079 

41729 

17.5 

8.0 

1209.5 

53.4 

186.3 

222.5 

3155 

5894 

107.8 

31035 

41905 

17.6 

7.1 

1214.6 

48.1 

188.9 

234,0 

3154 

6876 

125.7 

31680 

42803 

18.0 

6.2 

1240.7 

42.0 

179.3 

236.9 

3156 

6488 

118.6 

31359 

42607 

17.9 

6.6 

1235.0 

44.4 

182.6 

249.8 

3153 

6145 

112.3 

29882 

40394 

17.0 

6,6 

1170.8 

44.4 

184.7 

235.2 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 


3150 

3151 

3152 

3155 
3154 

3156 

3153 


Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 


214 


17717 

24477 

30745 

30538 

31389 

31007 

29439 


Indicated 

Horse 

Power 


379 


986.0 

1452.5 

1703.2 

1710.2 

1687.3 

1730.8 

1702.9 


Dry  Fuel 

per 

Indicated 

Horse 

Power  Hour, 
Pounds 


380 


2.0 

2.2 

3.1 

3.5 

4.1 
3.8 

3.6 


Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 


38t 


18,0 

16.9 
18.1 

17.9 
18.6 

17.9 
17  ;3 


Least 

Back 

Pressure 


3.4 

7.3 

11.3 
11.5 

10.7 

11.7 

10.3 


Drawbar 

Pull, 

Pounds 


265 


11258 

10160 

12525 

11741 

12287 

12238 

9536 


Dynamometer 

or 

Drawbar 

Horse 

Power 


383 


838.0 
1260 .4 
1553.9 

1456.6 
1524.3 
1518.2 

1419.6 


Dry  Fuel 
per 

Dynamem. 

Horse 

Power  Hour, 
Pounds 


384 


2.4 

2.5 

3.4 
4.1 

4.5 
4.3 
4.3 


Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 


385 


21.1 

19.4 
19.8 
21.0 
20.6 

20.4 
20,7 


Machine 

Efficiency 

of 

Locomotive,' 
Per  Cent 


Thermal 

Efficiency 

of 

Locomotive, 
per  Cent, 
(Based  on  Fuel  I 


398 


85.0 

86.8 

91.2 

85.2 

90.3 
87.7 

83.4 


399 


7.5 

7.0 

5.2 
4.4 
3.9 

4.2 
4.1 


40 


M.  P.  89*  A-aiith  Sheet 

8  X 

LOCOMOTIVE: 

TYPE . 2r-8rr0 

CLASS . H0fb.... 

NUMBER  387 


Pennsylvania  Railroad  Company 

PhiladeIpKia,  Baltimore  &  Waahlagton  Railroad  Company 
Nocthom  Central  Railway  Company 
Waot-Joraay  &  Saaihoro  Railroad  Company 

TEST  DEPARTMENT 


FUEL 

. Coal . 

Biilletixi  No #23 


Average  Results  of  Locomotive  Tests 

SUBJECT  :...Pis,1;,o.n..VaiYe  M9meter  -.  14  in.  Piston  .  Altoona,  Pa., . 


TEST 

NUMBER 

RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Teat, 

Hours 

onias 

per 

Hour 

ThritUo 

Opening, 

Full  or 
Parttai 

Actual 

Cut-off 

Per  Cent, 

H.  P, 
CyNndert 

Exhaust 

NOZZLE 

Pressure 

In  Boiler, 
Lbs.  per 

Sq.  Inch 

Draft 

In 

Smoke  Bok, 
Inches 
of  Water 

Draft 

In 

Ash  Pan, 
Inches 
of  Water 

Calorific 
Value 
ofDry^ 
Fuel,  ~ 

B.  T.  U.  perLb. 

cinders 
Collected  In 
Smoko  Box, 
Pounds 
per  Hour 

l.r.a.Cit-otf  Tlnitli 

196 

199 

203 

268  to  271 

21T 

222 

225 

248 

238 

3205 

60-20-P 

0.75 

10.8 

Full 

21.9 

lectangi 

205.8 

1.3 

0,13 

14661 

3209 

60-30-P 

1,50 

10.8 

If 

33.0 

-lar 

206.0 

2.0 

0.10 

H 

3202 

80-30-F 

1,50 

14,4 

ft 

34.6 

Area 

205.3 

2.4 

0.09 

It 

3204 

80-40-P 

1,75 

14.4 

ft 

42,8 

30.88  ” 

205.5 

3.2 

0.15 

It 

3236 

100-50-F 

1.00 

18.0 

II 

50.1 

11 

205.4 

5.8 

0.15 

13330 

3221 

120-30-F 

2.00 

21.6 

If 

33.9 

If 

205.9 

3.7 

0.22 

13843 

3220 

140-40- F 

1,00 

25.2 

« 

41.5 

If 

204.9 

5.9 

0.31 

It 

3222 

160-35-F 

1.00 

28.8 

It 

37.9 

ft 

203.3 

5.9 

0.28 

tt 

3235 

160-40-F 

1,00 

28.8 

11 

32.3 

198.7 

6.4 

0.27 

13330 

3224 

170-35-F 

1.00 

30.5 

If 

38,6 

It 

204.1 

5.8 

0.31 

13330 

boiler  performance 


FORMANCE 


TEST 

NUMBER 

Dry  Fuel 
Fired 
per  Hour, 
Pounds 

Dry  Fuel 
per  Hour, 
Pounds  per 

Sq.  Ft  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  2120  F.,  POUNDS 

36tler 

Horse 

Ppwer 

(34KU.ofE.) 

Efficiency 
of  Boiler, 
Based 
on 

Fuel 

Pressure 

In 

Branch  Pipe, 
Pounds 
per  Sq-  In- 

Superheat 

In 

Branch 

Pipe 

Degrees  F, 

Per 

Hcur 

Per  Hour 
per  Sq.  Ft. 
of  Fire 

'Heating  Sur, 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

345 

347 

349 

350 

220 

230 

3205 

1467 

26.51 

12744 

16333 

4,62 

llolS 

473,4 

73,7 

201.2 

101.2 

3209 

2033 

36,74 

16494 

21250 

6.01 

10.45 

615,9 

69.2 

201.5 

130.1 

3202 

2489 

44.98 

19769 

25659 

7.26 

10.31 

743.7 

63.2 

202.0 

132.8 

3204 

3189 

57.63 

23567 

30804 

8.71 

9.66 

892.9 

63.9 

199.4 

152.1 

3236 

4897 

88.49 

30959 

41030 

11.60 

8.38 

1189.3 

61.0 

196.6 

200.6 

3221 

3429 

61.9^6 

24757 

32282 

9,13 

9.41 

935.7 

66.0 

199.8 

155.6 

3220 

5300 

95.77 

31681 

41510 

11.74 

7.83 

1203.2 

54.9 

196.0 

168.9 

3222 

5101 

92.18 

30244 

39499 

11.17 

7.74 

1144.9 

54.3 

194.7 

167.5 

3235 

5585 

100.92 

32666 

43086 

12.18 

7.71 

1248.9 

56,1 

189.1 

193.9 

3224 

4870 

88.00 

30826 

40581 

11.47 

8.33 

1176.3 

60.6 

195.4 

126.8 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

ledlcated 

Horse 

Power 

Dry  Fuel 
'per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Isdicated 

Horse 

Power  Hour, 
Pounds 

Leest 

Back 

.Pressure 

Drawber 

Pull, 

Pounds 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamem. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Oynamoqi, 

Herse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

loeomottve, 
Per  Cent 

Thermal 

Efficiency 

of 

Locomotive, 
per  Cent, 
(Based  on  Fueh 

214 

379 

380 

381 

265 

383 

384 

386 

398 

399 

3205 

12474 

599.2 

2.5 

20.8 

0.6 

16221 

466.3 

3.1 

26.6 

78.2 

3.6 

3209 

16137 

842.5 

2.4 

19.2 

0.6 

23480 

677.9 

3.0 

23.8 

80.5 

5.8 

3202 

19489 

1050.1 

2.4 

18.6 

2.1 

22695 

873.7 

2.9 

22,3 

83.2 

6.1 

3204 

23259 

1252.4 

2.6 

18.6 

2.3 

28053 

1079.9 

2.9 

21.5 

86.2 

5.9 

3236 

30650 

1657.0 

2.3 

18.5 

6,1 

31518 

1516.6 

3.2 

20,2 

91.5 

5.9 

3221 

24397 

1394.2 

2.5 

17,5 

4.9 

19779 

1535.4 

3.0 

21,4 

81.9 

6.1 

3220 

31399 

1786.3 

3.0 

17,6 

8.0 

22791 

1412.4 

3.5 

20.5 

86.0 

5.3 

3222 

29934 

1738.1 

3.0 

17.2 

7.4 

18515 

1142.1 

3.6 

21.0 

82.0 

5.1 

3235 

32320 

1829.9 

3.0 

17.7 

8.2 

19924 

1534.0 

3.6 

21.0 

83,9 

5.3 

3224 

30519 

1813.4 

2.7 

16.9 

7.3 

17835 

1459.0 

3.3 

20.9 

80.5 

5,7 

41 


M.  F.  394  A— Sixth  Sheet 


LOCOMOTIVE: 

TYPE  •  2t.8--0 . - 

CLASS . H8sb . 

NUMBER . 3.87 . 


Pennsylvania  Railroad  Company 

Philadelphia,  Baltimora  &  Waahiagton  Railroad  Company 
Northern  Central  Railway  Company 
Weet  Jaraey  &  Saaahera  Railroad  Company 

TEST  DEPARXMEISJT 


8  X 


FUEL :  Jamison 
Coal 


Average  Results  of  Locomotive  Tests  Bulletin  No. 23 

SUBJECT  : . .  Altoona,  Pa.,  ,..9r.lrl9X.3 . 

Toiler  performance 


RUNNING  CONDITIONS 


TEST 

NUMBER 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hours 

Miles 

per 

Hour 

Throttle 
Opening, 
full  or 
Partial 

Actual 

Cut-off 

Per  Cent., 

H.  P. 
Cylinders 

Exhaust 

Nozzle 

Pressure 

In  Boiler, 
Lbs.  per 

Sq.  Inch 

Draft 

In 

Smoke  Box, 
Inches 
of  Water 

Draft 

In 

Ash  Pan, 
Inches 
of  Water 

Ctlorific 
'Value 
of  Dry 

Fuel, 

B.T.U.perLb. 

cinders 
Collected  in 
Smoke  Box, 
Pounds 
per  Hour 

R.  P.  M.  Cut-off  Throttle 

196 

199 

203 

268  to  271 

217 

222 

225 

248 

238 

3263 

60-.25-F 

2,00 

10.7 

Full 

24.8 

Rectangi 

205,6 

1.6 

0.07 

13614 

3248 

60-30-F 

2.00 

10.7 

It 

30.0 

-lar 

206.0 

2.6 

0.08 

14140 

3262 

80-30- F 

2.00 

14.3 

It 

30,1 

irea 

206,0 

2.2 

0.04 

13614 

3249 

80-40-F 

2.00 

14.3 

If 

39.7 

30.88 

205.7 

3.3 

0.12 

14140 

3250 

100-50-F 

1.00 

17.9 

tt 

50.0 

ft 

204.4 

6.2 

0.09 

14140 

3261 

120-30-F 

2.00 

21.5 

It 

33.5 

II 

205.8 

3.7 

0.08 

13614 

3252 

140-40-P 

1.00 

25.1 

•t 

41.0 

It 

203,0 

5.8 

0.19 

14033 

3260 

140- 43- F 

1.00 

25.1 

It 

45.0 

11 

204.4 

6,5 

0.10 

13614 

3254 

160-35-F 

1.00 

28.6 

It 

35.9 

If 

202.6 

4.S 

0.11 

14033 

3256 

160-40..F 

1.00 

28.6 

If 

39,9 

II 

198.7 

6,3 

0.10 

14033 

BOILER  PERFORMANCE 


lENBIliE  PERFOBMAM 


TEST 

Dry  Fuel 

Dry  Fuel 
per  Hour. 
Pounds  per 

Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212°  F.,  POUNDS 

Boiler 

Horse 

Power 

(34KU.ofE.) 

Efficiency 
of  Boiler, 
Based 
on 

Fuel 

Pressure 

In 

Branch  Pipe, 
Pounds 
per  Sq  In- 

Superheat 

In 

Branch 

Pipe 

Degrees  F. 

NUMBER 

Fired 
per  Hour, 
Pounds 

Per 

Hour 

Per  Hour 
per  Sq  Ft. 

of  Fire 
Heatintr  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340 

344 

345 

347 

-  349 

350 

220 

230 

3263 

1679 

30.3 

14374 

18504 

5.2 

11.0 

536.3 

78.6 

201.2 

132.2 

3248 

2183 

39.5 

16607 

21406 

6.1 

9.8 

620,5 

67.3 

201.8 

129.1 

3262 

2250 

40.7 

18493 

23979 

6.8 

10.7 

695.0 

76.0 

200.7 

150.1 

3249 

2910 

52.6 

22983 

30141 

8.5 

10.4 

873.7 

71.1 

199.9 

169.7 

3250 

5217 

94.3 

32779 

43347 

12.3 

8.3 

1256.4 

57.0 

194.0 

200.8 

3261 

3284 

59.3 

23742 

31196 

8.8 

9.5 

904.2 

67,7 

199.2 

178.7 

3252 

4905 

88.6 

30801 

40582 

11.5 

8.3 

1176.3 

57.2 

194,3 

183.5 

3260 

5832 

105.4 

33246 

43960 

12.4 

7.5 

1274.2 

53.7 

194.4 

196.9 

3254 

4335 

78,3 

28642 

37779 

10.7 

8.7 

1095.0 

60.2 

195.1 

192.3 

3256 

4658 

84.2 

30539 

40363 

11.4 

8.7 

1169.9 

60.0 

189.3 

197.7 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Least 

Back 

Pressuie 

Drawbar 

Pull, 

Pounds 

DynamometM' 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamom. 

Horse- 
Power  Hour, 
Pounds 

Dr^  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermal 

Efficiency 

of 

Locomotive, 
per  Cent., 
(Based  on  Fueh 

214 

379 

380 

381 

265 

383 

384 

385 

398 

399 

- 1 

3263 

14286 

625.9 

2.7 

22.8 

1.3 

18600 

532.7 

3.2 

26.8 

85.1 

5.9 

3248 

16319 

748.4 

2.9 

21.8 

1.2 

22481 

643.8 

3.4 

25.4 

86.0 

5.3 

3262. 

18398 

892.7 

2.5 

20.6 

2,0 

19660 

750.7 

3.0 

24.5 

84.1 

6.2 

3249 

22721 

1161.6 

2.5 

19.6 

2.7 

26522 

1012,7 

2.9 

22.4 

87.2 

6.3 

3250 

32463 

1664.5 

3.1 

19.5 

6.7 

30872 

1473.5 

3.5 

22.0 

88.5 

5.1 

3261 

23664 

1198.2 

2.7 

19.8 

4.0 

18127 

1038,2 

3.2 

22,8 

86.7 

5.9 

3252 

30521 

1630.0 

3.0 

18.7 

7.1 

20961 

1400.7 

3.5 

21.8 

85.9 

5.2 

3260 

33135 

1772.1 

3.3 

18.7 

8.1 

23148 

1546.8 

3.8 

21.4 

87.3 

5.0 

3254 

28314 

1570.4 

2.8 

18.0 

6.6 

17524 

1338.3 

3,2 

21.2 

85.2 

5.6 

3256 

30244 

1668.2 

2,8 

18.1 

7.5 

18975 

1449.1 

3.2 

20,9 

86.9 

5.7 
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LOCOMOTIVE: 

TYPE  2r.8.-Q . 

CLASS  . HSsb . 

NUMBER . M.? . 

SUBJECT  : 


Pennsylvania  Railroad  Company 

Philtdtlphtt,  Baltimore  &  Waahington  Railroad  Company 
Northern  Central  Railway  Company 
Watt  dartey  di  Saathora  Railroad  Company 

XEBT  OERARXMENX 


8  'x 


FUEL 


JajidBan 

Coal 


Average  Results  of  Locomotive  Tests  Bulletin  No. 23 

Valve  Diameter  -12  in.  Piston  Altoona,  Pa.,  9-1-1913 


RUNNI'NG  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 


TEST 

DESIGNATION 


Duration 

of 

Test, 

Hours 


Miles 

per 

Hour 


Throttle 
Opening, 
full  or 
Partial 


Actual 
Cut-off 
Per  Cent., 
H.  P. 
Cylinders 


Exhaust 

NOZZLE 


Pressure 
In  Boiler, 
Lbs,  per 
Sq.  Inch 


Draft 

In 

Smoke  Box, 
Inches 
of  Water 


Draft 

in 

Ash  Pan, 
Inches 
of  Water 


Calorific 
Value 
of  Dry 
Fuel, 

B.  T.  U.  perLb. 


Cinders 
Collected  in 
Smoke  Box, 
Pounds 
per  Hour 


R.  ?.  M.  Cut-off  Throttle 


196 


199 


203 


268  to  271 


217 


222 


225 


248 


238 


3259 

3257 

3258 


160-40-P 

170-35-F 

170-40-F 


1.00 

1.00 

1.00 


28.6 

30.4 

30.4 


Full 


ft 

•I 


40.3 

35.3 
39.0 


Rectangj. 

-lar 
Area 
30.88  ” 


205.6 

206.0 

205.3 


5.9 

5.5 

6.0 


0.14 

0.12 

0.14 


13614 

14033 

14033 


BOILER  PERFORMANCE 


ENGINE  PERFORMANCE 


TEST 

NUMBER 


Dry  Fuel 
Fired 
per  Hour, 
Pounds 


Dry  Fuel 
per  Hour. 
Pounds  per 
Sq.  Ft.  of 
Grate 


Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 


EQUIVALENT  EVAPORATION 
FROM  AND  AT  212°  F.,  POUNDS 


Per 

Hour 


Per  Hour 
per  Sq  Ft. 

of  Fire 
Heatin '  Sur. 


Per 

Pound 

of 

Dry  Fuel 


Boiler 

Horse 

Power 

(34HU.of  E.) 


Efficiency 
of  Boiler, 
Based 
on 
Fuel 


Pressure 

in 

Branch  Pipe, 
Pounds 
per  Sq  In- 


Superheat 

In 

Branch 

Pipe 

Degrees  F. 


338 


339 


340 


344 


345 


347 


349 


350 


220 


230 


3259 

3257 

3258 


5374 

4589 

4905 


97.1 

82.9 

88.6 


31585 

29870 

33297 


41922 

39251 

44158 


11.9 

11.1 

12.5 


7.8 

8.6 

9.0 


1215.1 

1137.7 

1279.9 


55.6 

59.1 

62.2 


196.4 

197.1 

195.9 


205.4 
181.7 

204.5 


ENGINE  PERFORMANCE 

LOCOMOTIVE  PERFORMANCE 

TEST 

NUMBER 

Dry  Steam 
to 

EngInM, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Least 

Back 

Pressure 

Drawbar 

Pull, 

Pounds 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  fuel 
per 

Oynamom. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dynamom, 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive, 
Per  Cent. 

Thermal 

Efficiency 

of 

Locomotive, 
per  Cent., 
(BasedonFueh 

214 

379 

380 

381 

265 

383 

384 

385 

398 

399 

3259 

31432 

1734.6 

3.1 

18.1 

7.3 

19881 

1518.3 

3.5 

20.7 

87.5 

5.3 

3257 

29496 

1597.4 

2.1 

18.5 

7.0 

16553 

1343.1 

3.4 

22.0 

84.1 

5.3 

3258 

33020 

1778.9 

2.8 

18.6 

8.4 

18727 

1519.5 

3.2 

21.7 

85.4 

5.6 
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PART  II, 


VALVE  STEM  STRESS. 


TEvSTs  for  the  Purpose  of  Determining  the  Magnitude  of 
THE  Stresses  to  which  Valve  Stems  are  Subjected  under 
THE  Conditions  of  Locomotive  Operation. 


INTRODUCTION. 

1.  It  is  evident  that  a  change  in  the  diameter  of  a  piston 
valve  alters  its  weight  and  its  frictional  resistance  to  movement. 
The  resistances  are  no  doubt  increased  when  valve  leakage  occurs 
and  the  valve  becomes  unbalanced.  At  high  speeds  inertia  effects 
also  appear  and  add  to  the  stress  in  the  valve  rod. 

2.  The  relative  magnitude  of  the  stresses  which  are  thus 
imposed  upon  valve  gears  by  piston  valves  of  different  diameters 
on  locomotives  either  in  freight  or  passenger  service  has  been,  to  a 
considerable  extent,  a  matter  of  either  conjecture  or  theory. 

3.  Therefore,  in  making  this  somewhat  elaborate  study  of  the 
proper  size  of  piston  valves  to  use  with  our  locomotives,  an  inves¬ 
tigation  of  the  subject  of  valve  stem  stresses  was  made. 

4.  The  tests  were  made  while  the  valve  diameter  tests  were  in 
progress,  and  the  same  locomotives  were  used  as  in  the  valve 
diameter  tests.  With  the  use  of  the  locomotive  test  plgnt  these 
investigations  were  made  with  a  degree  of  accuracy  otherwise 
impossible.  The  method  adopted  for  recording  the  valve  stem 
stress  was  to  inte  pose  a  steel  ball  and  an  impression  plate  in  the 
valve  stem,  so  that  the  stresses  in  the  stem  would  be  transmitted 
through  the  ball  and  impression  plate,  an  impression  being  made 
by  the  ball  in  the  steel  plate  as  a  measure  of  the  intensity  of 
the  valve  stem  stress. 

It  is  not  asserted  that  the  impressions  are  a  perfectly  reliable 
indication  of  the  exact  stress.  The  stress  is  difficult  to  measure 
by  any  means,  and  it  is  thought  that  this  method  gives  approxi¬ 
mate  if  not  accurate  results,  or,  at  any  rate,  a  comparison  of  the 
effects  due  to  the  different  valves. 

(44) 
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Description  of  Valve  Stem  Stress  Indicator. 

5.  The  device  used  for  determining  the  stresses  in  the  valve 
stem  is  illustrated  in  Figs.  24  to  26.  It  consists  of  a  valve  stem 
yoke,  1,  Fig.  24.  a  spring  yoke,  2,  two  helical  springs,  3,  whose 
lengths  are  of  inches  when  uncompressed.  These  springs  are  seat¬ 
ed  at  one  end  in  the  spring  yoke  and  are  held  in  place  by  eye  bolts, 
4,  attached  to  the  valve  stem  yoke.  The  springs  are  compressed 
and  released  by  the  nuts,  5,  or  by  the  movement  of  the  valve 
and  its  stem  when  the  locomotive  is  in  operation. 

6.  In  order  to  apply  this  device  it  was  necessary  to  design 
a  new  valve  stem  gland,  6,  in  order  to  give  sufficient  clearance 
between  the  gland  and  the  valve  stem  yoke,  1.  A  special  valve 
stem  crosshead,  7,  was  substituted  for  the  one  on  the  locomotive. 
The  end  of  the  valve  stem  was  threaded  at  8  to  receive  the  spring 
yoke,  1,  and  a  slot  was  cut  close  to  the  crosshead  shoulder  to 
receive  the  impression  plate,  9. 

7.  The  load  on  the  valve  stem  was  transferred  to  the  impres¬ 
sion  plate  through  a  hardened  steel  ball,  10,  which  was  0.3937  inch 
in  diameter.  The  ball  was  held  in  place  by  a  hardened  steel  block 
having  a  seat  ground  in  its  center,  Fig.  26. 

8.  The  impression  plates.  Figs.  24  and  26,  one  of  which  was 
used  for  each  individual  test,  were  made  from  one  boiler  plate  for 
each  locomotive.  The  boiler  plate  was  thoroughly  annealed  be¬ 
fore  machining  to  insure  the  small  plates  being  all  of  the  same 
quality  of  material.  The  plates  were  polished  on  one  side,  which 
face  was  used  to  receive  the  impression  from  the  small  steel  ball. 

9.  A  sample  impression  plate  was  placed  in  a  reliable  testing 
machine  and  various  loads  were  placed  upon  it,  increasing  gradually 
to  a  maximum  considered  sufficient  for  the  purpose  of  this  investi¬ 
gation.  With  each  load  a  separate  impression  was  made  on  the 
plate,  these  impressions  increasing  in  depth  and  surface  diameter 
with  each  increase  in  the  pressure  applied. 

10.  From  the  information  thus  obtained  curves  were  plotted 
with  the  diameters  of  the  impressions  as  abscissae  and  the  loads 
on  the  steel  ball  in  pounds  as  ordinates.  As  different  sets  of  plates 
were  used  for  each  locomotive,  Figs.  27,  28  and  29  represent  the 
stress  curves  for  the  K2sa,  E3sd  and  H8sb  locomotives  respectively. 
These  curves  were  used  in  determining  the  stresses  from  the 
impressions  made  upon  other  plates  during  the  tests. 
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This  drawing  shows  the  valve  stem  stress  indicator  as  applied  to  the  K2sa  locomotive  with  a  16-inch  valve. 


47 


Method  of  Conducting  Tests. 

I ! .  The  method  of  conducting  the  tests  to  determine  the 
valve  stem  stress  was  as  follows:  An  impression  plate  was 
inserted  in  the  slot  and  the  springs  were  compressed  by  drawing 
up  the  nuts  with  a  wrench  to  some  specified  distance,  indicating 
a  definite  load  in  pounds.  Both  springs  were  previously  calibrat¬ 
ed,  and  when  drawn  up  solid  to  inches  indicated  a  load  of  4770 
pounds.  The  springs  were  then  released  and  the  impression  plate 
was  removed.  The  load  imposed  upon  the  plate  left  its  impression 
mark,  which  was  measured  and  recorded. 

12.  The  plate  was  returned  to  the  slot  and  the  nuts  again 
adjusted  until  the  compression  of  the  springs  was  exactly  the 
same  as  before.  Thus  was  assured  the  same  assumed  load  on 
ball  and  plate  as  in  the  first  instance.  The  locomotive  was 
then  quickly  brought  up  to  speed  and  run  for  two  minutes  at  a 
speed  and  cut-off  at  which  the  valve  stem  stress  was  to  be  deter¬ 
mined.  The  springs  were  then  loosened,  the  impression  plate 
removed  and  the  enlarged  impression  measured.  The  plate,  shown 
in  Fig.  26,  has  two  impressions,  one  (A)  registering  a  definite 
load  obtained  from  the  spring,  the  other  (B)  this  spring  load  plus 
an  additional  load  imposed  by  the  operation  of  the  valve  under 
steam  pressure. 

13.  Tests  w^ere  made  in  this  manner  on  the  locomotive  for 
speeds  ranging  from  40  to  360  r.p.m.  and  cut-offs  from  20  to  88 
per  cent. 

Locomotives  Equipped  with  Different  Size  Valves  for 
Determining  the  Valve  Stem  Stresses. 

14.  Descriptions  of  locomotives  Nos.  877,  318  and  387  are 
given  in  Bulletins  Nos.  18,  11  and  10  respectively.  They  are 
simple  superheated  steam  locomotives  carrying  a  boiler  pressure 
of  205  pounds  gauge.  The  total  valve  travel  on  the  K2sa  No.  877 
and  the  K3sd  No.  318  is  7  inches,  while  that  on  the  H8sb  No.  387 
is  6  inches. 
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Fig.  25. 

VALVE  STEM  STRESS  INDICATOR. 
The  indicator  on  a  K2sa  locomotive. 
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Fig.  26. 

IMPRESSION  PLATES  AND  STEEL  BALL. 

A  blank  plate  and  a  plate  with  impressions  are  shown.  The  impression  at  A  was  made  by  the  spring  alone;  that 
at  B  is  the  combined  spring  and  valve  stress  impression.  The  10  mm.  steel  ball  is  shown  in  its  holder. 
The  holder  has  a  stem  for  use  in  inserting  and  removing  it  from  the  valve  stem  crosshead. 
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Fig.  27. 

CURVE  FOR  BALL  IMPRESSION. 

This  curve  shows  the  diameter  of  impression  of  a  10-millimeter  steel  ball  with  testing  machine  loads  from  500 

to  8000  pounds.  Curve  used  for  K2sa  locomotive. 
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Fig.  28. 

CURVE  FOR  BALL  IMPRESSION. 

The  diameter  of  impression  of  a  10-millimeter  steel  ball  with  testing  machine  loads  from  2000  to  8000  pounds. 

Curve  used  for  E3sd  locomotive. 
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Fig.  29. 

CURVE  FOR  BALL  IMPRESSION. 

The  diameter  of  impression  of  a  10-millimeter  steel  ball  with  testing  machine  loads  from  500  to  8000  pounds. 

Curve  used  for  H8sb  locomotive. 
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Valves  Used  for  Valve  Stem  Stresses, 

!5,  The  valve,  Fig.  3,  used  on  the  K2sa  Pacific  type  locomo¬ 
tive  No.  877  was  of  the  L  ring  type,  having  a  diameter  of  16 
inches.  Later  a  12- inch  valve.  Fig.  22  A,  of  the  L  ring  type  was 
applied.  Both  v^alves  are  designed  for  inside  admission  and  are 
described  in  the  fore  part  of  this  bulletin.  The  weight  of  the  1  (>• 
inch  valve  is  263  pounds  while  that  of  the  12- inch  valve  is  120 
pounds. 

16.  The  standard  piston  valve,  Fig.  8,  used  on  the  E3sd  Atlan- 
-  tic  type  locomotive  was  a  14-inch  L  ring  valve  with  inside  ad¬ 
mission.  Later  a  7-inch  valve,  Fig.  10,  of  the  L  ring  type  was 
applied.  The  weight  of  the  14-inch  valve  i^  218  pounds  and  that 
of  the  7-inch  valve  76  pounds. 

17.  The  H8sb  consolidation  type  locomotive  was  equipped 
with  12-inch  valves,  Fig.  22- A,  of  the  L  ring  type.  The  weight 
of  this  valve  is  136  pounds.  It  is  longer  than  the  valve  for  the 
K2sa,  which  weighs  120  pounds.  The  weights  given  in  each 
instance  are  exclusive  of  the  weight  of  the  valve  stem. 

The  Tests. 

18.  There  were  twenty  tests  made  with  the  Pacific  type  loco¬ 
motive  No.  877,  using  the  16-inch  valve.  These  tests  were  run  at 
speeds  ranging  between  9  and  84  miles  per  hour  and  cut-offs 
between  25  and  85  per  cent.  The  throttle  was  fully  open. 

19.  The  table  following  indicates  the  number  of  tests  made 
at  each  speed  and  cut-off : 


Locomotive  No.  877 — 16-Inch  Piston  Valve. 


R.  P.M. 

M.  P.  H. 

Nominal  Cut-off  in 

Peb  Cent. 

OF  Stbokb 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

83 

85 

40 

9.3 

1 

! 

1 

1 

80 

18.6 

■■  *  '1 . 

1 

. 1 . 

1 

1 

120 

28.0 

. 1 . 

■  ■ 

T 

1 

160 

37.3 

1 

1 

200 

46.5 

'I 

1 

240 

55.8 

1 

1 

280 

65.1 

1 

1 

320 

74.4' . 

1 

1 

1 

360 

83.7 

1 

1 

1 

! 

54 


20.  Later,  nineteen  tests  were  made  on  this  locomotive  with 
a  12-inch  ring  piston  type  valve.  The  same  range  of  piston 
speed  and  cut-off  was  adhered  to  as  in  the  previous  tests,  also  a 
wide-open  throttle. 

21.  A  table  showing  the  number  of  tests  run  at  each  speed 
and  cut-off  follows: 

Locomotive  No.  877 — 12-Inch  Piston  Valve. 


L  Ring  Type  Valve, 


R.P.M. 

M.P.H. 

Nominal  Citt-off  in 

Peb  Cent,  of  Stboke 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

83 

85 

40 

9.3 

1 

1 

80 

18.6 

1 

1 

120 

28.0 

1 

1 

160 

37.3 

1 

1 

200 

46.5 

1 

1 

240 

55.8 

1 

1 

280 

65.1 

1 

1 

320 

74.4 

1 

360 

83.7 

2 

1 

1 

22.  On  the  Atlantic  type  locomotive  No.  318,  class  E3sd, 
sixteen  tests  were  run  with  the  14-inch  valves.  The  tests  were 
run  with  a  fully  open  throttle  at  speeds  ranging  between  23  and 
65  miles  per  hour  with  cut-offs  between  20  and  45  per  cent. 

23.  There  follows  a  table  showing  the  number  of  tests  made 
at  each  speed  and  cut-off': 

Locomotive  No.  318 — 14-Inch  Piston  Valve. 


American  Type  Valve. 


R.P.M. 

' 

M.P.H. 

Nominal  Cut-off  in 

Per  Cent,  of  Strof.e 

20 

25 

30 

35 

40 

45 

100 

23.3 

2 

120 

28.0 

1 

1 

160 

37.3 

1 

1 

200 

46.7 

3 

1 

240 

56.0 

3 

2 

280 

65.4 

— . . 

1 

55 


There  were  also  made  on  this  Atlantic  type  locomotive  eleven 
tests,  using  a  7-inch  h  ring  type  valve.  These  tests  were  run 
over  the  same  range  of  speed  and  cut-off  as  the  previous  tests 
with  the  14-inch  valve. 

24.  The  following  table  gives  the  number  of  tests  under  each 
speed  and  cut-off: 

Locomotive  No.  318 — 7- Inch  Piston  Valves. 


L  Ring  Type  Valve. 


R.  P.  M. 

M.  P.  H. 

Nominal  Cut-off 

IN  Peb  Cent,  of  Stroke 

20 

25 

30 

40 

45 

100 

23.3 

1 

120 

28.0 

1 

1 

160 

37.3 

1 

1 

200 

46.7 

1 

1 

240 

56 . 0 

1 

1 

280 

65.4 

2 

* 

25.  Thirty  tests  were  made  on  locomotive  No.  387,  consolida¬ 
tion  type,  class  H8sb,  using  the  12-inch  L  ring  type  valve. 
These  tests  were  run  at  speeds  ranging  between  7  and  30.5  miles 
per  hour  and  cut-offs  between  20  and  88  per  cent.  All  tests 
were  made  with  a  wide-open  throttle. 

26.  The  outline  following  shows  the  number  of  tests  under 
each  speed  and  cut-off : 

Locomotive  No.  387 — 12-Inch  Piston  Valve. 

L  Ring  Type  Valve. 
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Piston  Valvb  Stresses. 

27.  There  are  presented  in  Tables  X  to  XIV,  inclusive,  the 
stresses  in  pounds  under  which  the  valve  rods  were  working  at 
different  speeds  and  cut-offs  on  the  K2sa  locomotive  No.  877,  the 
E3sd  locomotive  No.  318  and  the  H8sb  locomotive  No.  387. 

28.  Each  table  includes  the  impression  plate  number,  the 
test  designation,  giving  the  speed  in  r.p.m.  and  the  nominal 
cut-off  in  per  cent.,  the  diameter  of  the  impression  in  the  im¬ 
pression  plate  with  the  spring  load  applied,  and,  after  the  test  was 
made,  the  spring  load  applied  in  pounds-,  the  spring  plus  the  valve 
load,  in  pounds,  and  the  stress  in  the  valve  stem  in  pounds. 

29.  Referring  to  Table  X,  it  is  observed  that  on  the  K2sa 
Pacific  type  locomotive  No.  877,  using  16-inch  piston  valves,  the 
stress  in  the  valve  stem  increased  from  1350  pounds  at  a  speed 
of  40  r.p.m.  (9  m.p.h.)  and  83  per  cent,  cut-off  to  5825  pounds  at  a 
speed  of  360  r.p.m.  (84  m.p.h.)  and  35  per  cent,  cut-off.  This 
indicates  that  the  stress  in  the  valve  stem  increases  with  the  speed 
of  the  locomotive. 

30.  With  the  application  of  the  12-inch  L  ring  type  of 
valve  the  stress,  Table  XI,  increased  from  1240  pounds  to  4600 
pounds  through  the  same  range  of  speed  and  cut-off. 

31.  Thus,  on  this  locomotive  the  application  of  the  smaller 
12-inch  piston  valve  decreased  the  stress  in  the  valve  rod  110 
pounds  at  9  miles  per  hour  and  1225  pounds  at  84  miles  per  hour. 

32.  An  abnormal  pressure  is  shown  at  a  speed  of  84  m.p.h. 
and  25  per  cent,  cut-off  when  the  stress  recorded  was  7465  pounds, 
due  to  the  breaking  of  the  valve  in  this  instance.  This  was  the 
highest  valve  stress  obtained  during  these  experiments. 

33.  The  Atlantic  type  locomotive  No.  318,  using  14-inch 
piston  valves.  Table  XII,  developed  a  stress  in  the  valve  stem 
ranging  between  a  minimum  of  2010  pounds  at  100  r.p.m.,  23 
m.p.h.  and  30  per  cent,  cut-off,  and  a  maximum  of  4170  pounds  at 
240  r.p.m.,  56  m.p.h.  and  30  per  cent,  cut-off,  while  with  the  7- 
inch  valves,  Table  XIII,  the  stress  increased  from  2190  pounds  to 
3030  pounds  through  the  same  range  of  speeds  and  cut-offs. 
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Ixopression 

Plate 

Number 

Test 

Designation 

1  Diameter  of  Impression 
Inches 

Spring 

Spring  and 
Valve 
Load 
Pounds 

Stress  in 
Valve 
Stem 
Pounds 

With 

Sprlzig  Load 

After  Test 
Was  Made 

L08tu> 

Pounds 

15-A 

40-e3-P 

0.1968 

0.2204 

4550 

5900 

1350 

16-A 

40-85-P 

0,2002 

0,2287 

4730 

6450 

1720 

8-B 

80-75-P 

0.1936 

0.2196 

4390 

5875 

1485 

11^ 

80-80-F 

0,2020 

0.2364 

4835 

7015 

2180 

7-B 

120-65-.F 

0.1974 

0.2305 

4590 

6575 

1985 

14-B 

12CL.7©wp 

0.2003 

0.2355 

4740 

6975 

2235 

12-A 

160-55-? 

0.1976 

0,2315 

4590 

6650 

2060 

7-^ 

160-60-P 

0,1833 

0,2281 

3875 

6475 

2600 

5^ 

200-50-P 

0.1444 

0.2012 

2375 

4790 

2415 

6^ 

200-55-P 

0.1664 

0.2277 

3160 

6375 

3215 

1-A 

240-45-F 

0,1776 

0.2364 

3625 

7000 

3375 

10^ 

240-50-P 

0,1977 

0,2531 

4600 

8400 

3800 

2>mA 

28O-40-T 

0.1641 

0.2200 

3075 

5875 

2800 

11-B 

280-45-P 

0.2029 

0.2897 

4876 

9000 

4125 

3-A 

320-30-P 

0.1521 

0,2153 

2640 

5600 

2960 

9-B 

320-3&-F 

0.1945 

0.2521 

4425 

8320 

3895 

13-B 

32O-40-F 

0,2082 

0,2674 

6176 

9720 

4545 

4-A 

360-25-F 

0.1642 

0.2316 

3075 

6676 

3600 

4-B 

360-30.F 

0.1516 

0,2372 

2610 

7076 

4465 

16-B 

360-3&-F 

0,1992 

0,2784 

4676 

10500 

5825 

Sheet  No. 


P-13ie 


Table  X. 

VALVE  STEM  STRESSES— 16-INCH  VALVE. 

This  table  shows  the  diameter  of  impression  and  the  stress  in  the  valve  stem  for  speeds  from  40  revolutions 
to  360  revolutions  per  minute,  corresponding  to  9  and  84  miles  per  hour.  K28a  locomotive. 
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In^resslon 

Test 

Diameter  of  Impression 
Inches 

Spring 

Spring  and 
Valve 

Stress  in 
Valve 

Numt>er 

Designation 

With 

Spring  Load 

After  Test 
Was  Made 

liO&Gl 

Pounds 

Load 

Potmds 

Stem 

Pounds 

3&-A 

40-83-F 

0.1985 

0.2186 

5710 

6950 

1240 

35-B 

40-8 5-F 

0.1996 

0.2186 

5785 

6950 

1165 

37-B 

80-7 5-P 

0,1918 

0,2296 

5350 

7660 

2310 

36-B 

80-80-F 

0.1924 

0,2238 

5360 

7275 

1915 

29-A 

120-65-F 

0.1911 

0,2248 

5290 

7315 

2025 

29-B 

120-70-F 

0,1906 

0.2300 

5255 

7675 

2420 

28-A 

160— 55— F 

0.1719 

0.2136 

4225 

6640 

2415 

28-B 

160-60-F 

0.1723 

0.2161 

4240 

6800 

2560 

26-A 

200-50-F 

0.1806 

0.2163 

4685 

6800 

2115 

36-A 

200-55-F 

0.1880 

0,2288 

5125 

7600 

2475 

31-A 

240-4 5-F 

0.1919 

0,2335 

5350 

7900 

2550 

20-B 

240-50- F 

0.1535 

0.2109 

3250 

6460 

3210 

21-A 

280-40-F 

0.1459 

0.2110 

3875 

6475 

2600 

21-B 

280-4 5-F 

0.1513 

0.2111 

3140 

6475 

3335 

23-A 

320-40-P 

0.1555 

0.2250 

3350 

7350 

4000 

32-A 

3.60- 2  5-F 

0,1773 

0.2475 

4500 

8800 

4300 

33-B 

360-2 5-F 

0.1842 

0.3257 

4885 

12350 

7465 

25-A 

360-30-F 

0.1733 

0.2284 

4275 

7575 

3300 

27-.A 

360-35-F 

0.1827 

0.2565 

4800 

9400 

4600 

Sheet  No,.?.!;:??:.?.!.?. 


Table  XI. 

VALVE  STEM  STRESSES— 12-1 NCH  VALVE. 

The  diameter  of  impression  and  the  stress  in  the  valve  stem  for  speeds  from  40  revolutions  to  360  revolutions 
per  minute,  corresponding  to  9  and  84  miles  per  hour.  K2sa  locomotive.  The  stress  of  7465  pounds 
was  caused  by  the  valve  rings  catching  in  one  of  the  ports  and  breaking  the  head  of  the  valve. 
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Impression 

Plate 

Number 

Test 

Designation 

Diameter  of  Impression 
Inches 

Spring 

Load 

Pounds 

Spring  and 
Valve 
Load 
Pounds 

Stress  in 
Valve 

Stem 

Pounds 

With 

Spring  Load 

After  Test 
Was  Made 

50 

100-30-P 

0,1748  . 

0,2344 

4075 

7475 

3400 

59 

100-30-P 

0,1802 

0.2187 

4400 

6410 

2010 

52 

120-30-P 

0,1797 

0,2154 

4350 

6400 

2050 

51 

120-40-F 

0,1740  ' 

0.2175 

4050 

6530 

2480 

54 

160-2&-P 

0,1741 

0.2141 

4030 

6470 

2440 

63 

160-45-P 

0.1766 

0.2210 

4200 

6890 

2690 

61 

200-.25-F 

0.1965 

0.2255 

5350 

8520 

3170 

60 

200-25-F 

0.1841 

0.2282 

4620 

7140 

2520 

56 

200-25-F 

0.1762 

0.2402 

4160 

7720 

3570 

55 

200-45-F 

0.1745 

0.2208 

4075 

6975 

2900 

65 

240— 20— F 

0.1987 

0.2497 

5475 

8415 

2930 

58 

240-20-F 

0.1780 

0.2341 

4275 

7910 

3640 

63 

240-20-F 

0.1860 

0.2379 

4750 

8020 

3270 

62 

240-30-F 

0,1908 

0.2431 

5000 

8690 

3690 

57 

240-30-F 

6.1734 

0.2372 

4000 

8170 

4170 

64 

280-25-F 

0.2032 

0.2454 

5725 

8755 

3030 

• 

ft 

Sheet  No....P.r?;.?.?P. . 

Table  XII. 

VALVE  STEM  STRESSES— 14-lNCH  VALVE. 

The  diameter  of  impression  and  the  stress  in  the  valve  stem  for  speeds  from  100  revolutions  to  280  revolutions 
per  minute,  corresponding  to  23  and  65  miles  per  hour.  E3sd  locomotive. 
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Impression 

Plate 

Number 

Test 

Designation 

Diameter  of  Inrpression 
Inches 

Spring 

Load 

Pounds 

Spring  and 
Valve 
Load 
Founds 

Stress  in 
Valve 
Stem 
Pounds 

With 

Spring  Load 

After  Test 
Was  Made 

17 

100-30-P 

0,1774 

0.2105 

4250 

6440 

2190 

15 

120-30-P 

0.1737 

0,1969 

•4025 

5425 

1400 

16 

120-40-F 

0.1716 

0.2062 

3900 

5790 

1890 

13 

160-25-F 

0,1728 

0.2058 

3950 

5790 

1840 

14 

160-45-F 

0.1757 

0.2017 

4125 

5695 

1570 

11 

200-25-F 

0.1702 

0.2080 

3830 

6130 

2300 

12 

200~45-F 

0,1691 

0.2204 

3750 

6620 

2870 

9 

240-20-F 

0.1764 

0.2195 

4180 

6528 

2340 

10 

240-30-P 

0.1683 

0.2152 

3700 

6730 

3030 

7 

280-25-F 

0.1715 

0.2103 

3900 

6630 

2730 

6 

280-25-F 

0.1853 

0.2276 

4700 

7120 

2420 

Sheet 


Table  Xl S 3. 

VALVE  STEM  STRESSES— 7-INCH  VALVE. 

The  diameter  of  impression  and  the  stress  in  the  valve  stem  for  speeds  from  100  revolutions  to  280  revolutions 
per  minute,  corresponding  to  23  and  65  miles  per  hour.  E3sd  locomotive. 
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iQ^resslon 

Plate 

ITumber 

Test 

Designation 

Diameter  of  Ingress  ion 
Inches 

Spring 

Spring  and 
Valve 

Load 

Pounds 

Stress  in 
Valve 

Stem 

Pounds 

With 

Spring  Load 

After  Test 

Made 

Load 

Pounds 

23-.BX 

40-20-P 

0,1484 

0.1876 

3050 

6160 

2110 

24-B 

40-40-P 

0.1420 

0.1838 

2750 

4925 

2175 

26-B 

40-65-P 

0.1498 

0.1871 

3100 

5150 

2050 

26-B 

40w88-P 

0.1439 

0.1939 

2840 

5560 

2720 

23-A 

60“2C“P 

0.1503 

0.1878 

3110 

5176 

2065 

24-A 

60-4C-P 

0.1417 

0.1846 

2725 

4980 

2255 

27-B 

60-63-P 

0.1499 

0.1980 

3110 

5815 

2706 

28— B 

60-88-P 

0.1570 

0.2278 

3450 

7875 

4425 

2L-A 

80-20-? 

0.1441 

0.1888 

2840 

5230 

2390 

2e-A 

80-4O-P 

0.1503 

0.1969 

3115 

5750 

2635 

21^B 

80-58-P 

0.1481 

0.1946 

3060 

5575 

2525 

2£-B 

80-68- P 

0.1559 

0.2014 

3400 

6130 

2730 

14-A 

100-20.^P 

0.1486 

0.1948 

3060 

5620 

2560 

11 

100-30-P 

0.1260 

0.1786 

2200 

4625 

2425 

12 

100-40-P 

0,1469 

0.1956 

2975 

5675 

2700 

13-aA 

100-50-F 

0,1476 

0.2030 

3000 

6125 

3126 

13-B 

120-20-P 

0.1543 

0.2051 

3325 

6310 

2985 

14-B 

120-3O-F 

0.1533 

0.2031 

3275 

6276 

3000 

15-A 

120-40-P 

0.1456 

0.1985 

2900 

5900 

3000 

16-A 

120-45-P 

0.1471 

0.2044 

3000 

6276 

3276 

1&-BX 

140^20-P 

0.1604 

0.2110 

3600 

6700 

3100 

16-B 

140-30-F 

0.1531 

0.2099 

3250 

6625 

3375 

17-A 

140-40-P 

0.1625 

0.2176 

3725 

7150 

3425 

27-A 

140-43-P 

0.1500 

0.2079 

3110 

6500 

3390 

17-B 

160-20-P 

0.1640 

0.2197 

3800 

7275 

3475 

18-BXX 

160-30-F 

0.1471 

0.2060 

2976 

6360 

3385 

19-A 

160-40-P 

0.1662 

0.2252 

3910 

7675 

3766 

20-A 

170-20-P 

0.1545 

0.2125 

3350 

6800 

3450 

19-B 

170-30-P 

0.1682 

0.2258 

4000 

7700 

3700 

20-BX 

170-40-P 

0.1440 

0.2129 

2640 

6815 

3975 

1  Sheet 

Table  XIV. 

VALVE  STEM  STRESSES— 12-INCH  VALVE. 

The  diameter  of  impression  and  the  stress  in  the  valve  stem  for  speeds  from  40  revolutions  to  170  revolutions 
per  minute,  corresponding  to  7  and  30  miles  per  hour.  H8sb  locomotive. 
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34.  It  is  noticeable  that  with  this  locomotive  the  valve  stem 
stress  at  280  r.p.m.,  65  m.p.h.  and  25  per  cent,  cut-off  is  somewhat 
below  that  at  240  r.p.m.,  which  is  probably  due  to  the  condition 
of  the  valve  at  the  period  of  the  two-minute  test,  for  a  study  of  the 
valve  stresses  indicates  that  the  load  varies  at  intervals,  due 
possibly  to  the  condition  of  the  lubricant  and  steam. 

35.  It  is  likewise  noticeable  in  this  instance,  as  might  pre¬ 
viously  have  been  anticipated,  that  the  smaller  valve  is  instru¬ 
mental  in  decreasing  the  stress  in  the  valve  stem  to  an  appreciable 
extent  at  high  speeds. 

36.  The  valve  stem  stresses.  Table  XIV,  for  the  H8sb  con¬ 
solidation  type  locomotive  No.  387,  equipped  with  the  12-inch 
piston  valves,  ranged  between  2110  pounds  at  40  r.p.m.,  7  m.p.h. 
and  20  per  cent,  cut-off  and  3975  pounds  at  170  r.p.m.,  30.5 
m.p.h.  and  40  per  cent,  cut-off. 

Valve  Stem  Str*ess  and  Speed  of  Locomotive. 

37.  As  observed  in  the  foregoing  tables,  the  tendency  is  for 
the  valve  stem  stress  to  increase  with  the  speed  of  the  locomotive. 
This  is  more  clearly  shown  in  a  graphical  way  by  the  following 
figures : 

38.  Fig.  30  presents  the  stresses  for  the  K2sa  locomotive 
No.  877  plotted  with  the  revolutions  per  minute  as  abscissae  for 
the  16-inch  and  12 -inch  valves.  In  each  instance  the  stress  in¬ 
creases  with  the  speed.  Comparing  the  valve  stem  stresses  for 
the  two  different  valves,  it  is  observed  that  the  stress  for  the  12- 
inch  valve  is  slightly  greater  than  for  the  larger  16-inch  valve  up 
to  160  r.p.m.,  37  m.p.h.,  when  they  are  nearly  equal;  thereafter 
the  valve  stem  stress  for  the  larger  16-inch  valve  increases  rapidly 
above  that  for  the  12-inch  as  the  speed  of  the  locomotive  is 
increased. 

39.  Referring  to  Fig.  31  there  is  plotted  the  valve  stem 
stress  for  the  7-inch  and  14-inch  valves  on  the  E3sd  locomotive 
No.  318,  with  the  speed  in  revolutions  per  minute.  Here,  again, 
is  observed  the  increase  in  the  valve  stem  stress  as  the  speed  of 
the  locomotive  is  increased.  The  greater  valve  stem  Stress  for 
the  14-inch  valve  is  at  once  apparent. 

40.  Fig.  32  shows  the  valve  stem  stresses  for  the  H8sb  loco¬ 
motive  No.  387,  using  the  12-inch  valves.  The  valve  stem  stress 
likewise  increases  with  the  speed,  but  more  gradually  than  in  the 
case  of  the  higher  speed  K2sa  and  E3sd  locomotives. 
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LOCOMOTIVE: 

TYPE . ^.^2. 

CLASS . 


No. 


877 


M.  P.  <179  C 

PENNSYLVANIA  RAILROAD  COMPANY 

PBtI.AD>LFHlA,  Bai.TI1(0BK  A  WAeBDIaTOK  "BUnMOXO  COMTABT 
Nobtbxbh  Cbhtbai.  Bailwat  Cohpabt 
West  Jbbsbt  A  Skasbobb  Bailboao  Comfamt 


8  X  loH 


10-15-12 


SHEET  No _ .F-f] 

lalve. .  S.im...Siir4ajsM.fl>.. 


TEST  DEPARTMENT 


Bolletlzi  No . . 

Altoona,  Pa _ 


Fig.  30. 

STRESS  IN  VALVE  STEM. 

This  diagram  shows  stressesfor  12- and  16-inch  valves  on  a  K2sa  locomotive.  It  indicates  that  the  16-inch 
valve,  which  weighs  244  pounds,  has  stresses  up  to  6000  pounds  at  85  miles  per  hour;  the  12-inch,  weighing 
120  pounds,  has  stresses  up  to  4600  pounds  at  85  miles  per  hour.  The  single  stress  of  7465  pounds 
was  caused  by  a  broken  valve. 


()4 


Fig.  31. 

STRESS  IN  VALVE  STEM. 

Stresses  for  14  and  7-inch  valves  on  E3sd  locomotive.  The  14-inch  valve,  which  weighs  218  pounds,  has 
stresses  up  to  5000  pounds  at  65  miles  per  hour;  the  7-inch  valve,  weighing  76  pounds,  has  stresses 
up  to  3500  pounds  at  65  miles  per  hour. 
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LOCOMOTIVE ; 

TYPE . .?.-8r.9.. 

CLASS . .5.0?.^......  No.. 


M.  P.  479  C 

Pennsylvania  Railroad  Company 

PHn.AjnLPHiA,  Balthiobi  A  Wabbikstoh  IUii.boad  Coxpabt 
Nobthebn  Cbhtbai,  Railwat  Cobpamt 
Wbst  Jbbsbt  a  Sbashobb  Bajuwad  Cokfaby 


8  X  toH 


10-15-12 


SHEET  No.JPril.325 . 

.Y®;l.Y.e  8  se  s 


TEST  DEPARTMENT 


Bulletin  No.  ...2.3 . . 

Altoona.  PA.._?.':.lr.^.?.?L^ 


Fig.  32. 

STRESS  IN  VALVE  STEM. 

Stresses  for  a  12-inch  valve  on  a  H8sb  locomotive.  The  12-inch  valve,  which  weighs  136  pounds,  has 

stresses  up  to  4000  pounds  at  30  miles  per  hour. 
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CONCLUSIONS. 

Valve  Stem  Stress. 

1.  The  experiments  have  proven  that  the  stress  on  a  loco¬ 
motive  valve  stem  increases — 

(a)  With  the  increase  in  the  speed. 

(b)  With  the  increase  in  cut-off. 

(c)  With  the  increase  in  the  diameter,  and  consequently 
the  weight  of  the  valve. 

2.  The  valve  stem  stresses  on  a  high-speed  Pacific  type  loco¬ 
motive  with  a  16-inch  valve,  weighing  244  pounds,  range  between 
1350  and  5825  pounds,  while  with  the  12-inch  valve,  weighing  120 
pounds,  the  stress  increases  from  1165  to  4600  pounds. 

3.  The  valve  stem  stresses  on  an  E3sd  Atlantic  type  locomo¬ 
tive  with  a  14-inch  valve,  weighing  218  pounds,  range  between 
2010  and  4170  pounds,  and  with  a  7-inch  valve,  weighing  76 
pounds,  the  stress  is  from  1400  up  to  2730  pounds. 

4.  The  valve  stem  stresses  on  an  H8sb  consolidation  type 
locomotive  with  a  12-inch  valve,  weighing  136  pounds,  range 
between  2050  and  3975  pounds. 

5.  The  diameter  of  the  valve  stem  used  on  these  locomotives 
is  sufficient  to  withstand  these  loads  with  a  safe  margin  of  strength. 

6.  These  tests  further  show  the  advantage  to  be  gained  by 
using  a  smaller  and  lighter  piston  valve  wherever  possible,  for 
such  a  valve  not  only  reduces  the  stresses  in  the  valve  gear,  but 
also  has  a  tendency  to  reduce  the  valve  friction  and  the  wear  of 
the  valve  cage. 

C.  D.  YOUNG, 

Engineer  of  Tests. 

Approved : 

J.  T.  WALLIS, 

General  Supt.  Motive  Power. 

Test  Department, 

Altoona,  Penna., 

May  30,  1914. 
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LOCOMOTIVE  TESTING  PLANT. 


TESTS  OF  A  SOLID  BRICK  ARCH. 


Conclusions  on  page  28. 


INTRODUCTION. 

1.  It  has  been  known  that  a  very  substantial  economy  in 
coal,  an  increase  in  power  and  other  benefits  are  being  derived 
from  the  very  general  use  of  the  brick  arch  in  the  fireboxes  of 
our  locomotives.  Trials  of  the  arch  on  our  modem  locomotives 
have  been  lacking,  however,  and  those  here  described  were  made 
to  fiumish  a  definite  value  for  the  solid  sectional  arch  as  a  fuel¬ 
saving  device  and  aid  to  increased  locomotive  capacity. 

2.  In  1907  tests  were  made  with  an  Atlantic  type  locomotive 
to  determine  the  merits  of  the  hollow  brick  arch  or  one  having 
air  passages  through  the  body  of  the  arch  for  the  purpose  of 
heating  and  conveying  air  to  the  burning  gases  in  the  firebox. 
These  tests,  reported  in  Bulletin  No.  6,  showed  that  the  use  of 
such  an  arch,  with  a  high  volatile  coal,  would  result  in  an  economy 
in  coal  of  from  12  to  13.5  per  cent.  Further,  when  the  air 
inlets  to  the  hollow  arch  were  closed,  the  tests  indicated  that  the 
hollow  arch  had  no  advantage  oyer  the  arch  of  solid  constmction. 

Description  oe  Arch. 

3.  In  the  tests  which  have  now  been  made  a  class  Lis  (2-8-2 
or  Mikado  type)  locomotive  was  used  and  it  had  a  solid  sectional 
brick  arch  supported  upon  four  water  tubes  of  3  in.  outside 
diameter,  Fig.  1.  The  arch  extended  from  the  tube  sheet  6  feet 
4  inches  or  to  a  point  4  feet  4f  inches  from  the  rear  water 
leg  of  the  firebox.  The  minimum  distance  between  the  crown 
sheet  and  the  top  of  the  arch  was  20|  inches.  The  arch  wg-s 
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substantially  the  same  as  those  in  general  use  on  our  locomotives 
of  this  class  as  described  in  Bulletin  No.  28.  The  locomotive 
had  an  exhaust  nozzle  of  the  four  projections  or  partial  bridge 
type,  the  area  of  which  was  equivalent  to  one  of  7  in.  diameter  of 
the  plain  circular  form. 

The  Tests. 

4.  Five  tests,  with  the  arch  in  place,  were  made  imder  con¬ 
ditions  of  cut-off  and  speed  as  shown  in  the  following  table.  These 
tests,  while  few  in  number,  cover  a  wide  range  of  the  possible 
steam  production  of  the  boiler. 


Tests  with  Arch. 


REVOLTTnONS  PEK  MlNXTTE 

B.P.M. 

Miles  peb  Hotjb 

M.P.H, 

Nominal  Cut-off  in  Peb  Cent. 

OF  Stroke 

3D 

50 

60 

65 

80 

^4r  Fl 

1 

1 

1 

120 

21  7 

1 

IfiO 

28  0 

1 

Tests  Without  Arch. 

5.  There  were  six  tests  with  the  arch  removed,  but  with  the 
arch  tubes  still  remaining  in  place  in  the  firebox.  The  test  con¬ 
ditions  of  these  were  as  follows : 


Revolutions  peb  Minute 

Miles  per  Hour 

NoiHNAL  Cut-off  in  Per  Cent 

OF  Stroke 

B.P.M. 

M.P.H. 

30 

=i0  * 

60 

65 

80 

14.5 . 

1 

1 

120 

21.7 . 

1 

1 

IfiO 

28  0 

1 

1 
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COAI,. 

6.  All  of  the  tests  were  fired  by  hand  with  Jamison  coal, 
which  had  passed  over  a  screen  having  IJ  in.  openings.  The 
two  series  of  tests  were  fired  with  coal  obtained  from  a  single  car. 

Proximate  Analysis  oe  Coal  Used  in  Tests. 

Fixed  carbon,  per  cent . 

Volatile  matter,  per  cent. 

Moisture,  per  cent . . 

Ash,  per  cent . . 


Total . 

Sulphur,  separately,  per  cent . . . 

Calorific  value,  B.t.u.  per  pound  of 

combustible.... . . . 

Calorific  value,  B.t.u.  per  pound  of 
dry  coal . . . 

This  is  a  Pennsylvania  high  volatile  bituminous  coal  from  the 
Latrobe  region,  Pittsburgh  vein,  and,  except  in  being  screened 
instead  of  run  of  mine,  it  is  fairly  representative  of  the  coal  used 
on  our  locomotives  in  freight  service. 


54.00 

31.00 

0.92 

14.08 


100.00 

1.14 

15258 

13088 
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BOILER  PERFORMANCE. 

7.  The  results  which  are  of  particular  interest  pertaining  to 
the  boiler  performance  have  been  plotted  in  Figs.  2  to  11.  The 
solid  lines  or  curves  represent  the  performance  of  the  boiler  with 
the  arch  and  the  dashed  lines,  with  the  arch  bricks  removed. 

Draft. 

8.  The  draft  results  do  not  show  the  velocity  or  volume  of 
the  gases  flowing  through  the  fuel  bed  and  tubes,  but  they  do 
show  the  intensity  of  the  forces  which  produce  the  flow  and  an 
increased  draft  in  inches  of  water  indicates  that  there  is  a 
decreased  area  or  an  increase  in  the  length  of  passage  for  the 
flow  of  the  gases.  The  arch  has  the  effect  of  increasing  the 
length  of  passage  of  the  combustible  gases  in  the  firebox  and 
should  give  additional  time  for  a  thorough  mixing  of  the  gases 
and  air,  and  their  more  complete  combustion.  It  will  be  observed. 
Fig.  2,  that  the  use  of  the  arch  caused  an  increase  in  the  draft 
at  like  rates  of  combustion.  This  is  especially  noticeable  at 
both  front  and  back  of  diaphragm  where  the  increases  in  draft 
are  25  and  30  per  cent,  respectively,  when  the  rate- of  firing  was 
100  pounds  of  dry  coal  per  square  foot  of  grate  per  hour.  Likewise, 
both  in  ashpan  and  firebox,  an  appreciable  increase  in  draft  with 
the  arch  occurs,  especially  at  the  high  rates  of  combustion. 

9.  There  is  also  shown  an  increase  in  draft  at  all  rates  of 
equivalent  evaporation  per  square  foot  of  heating  surface.  Fig.  3. 
An  increased  draft  or  vacuum  is  to  be  expected  from  the  use  of 
the  arch,  as  it  presents  a  form  of  obstruction  in  the  gas  passages 
in  the  firebox. 

Firebox  and  Smokebox  Temperatures. 

1 0.  The  firebox  temperature  is  increased  by  the  presence  of 
the  arch  as  shown  by  Fig.  4.  With  the  arch  the  temperajture  is 
between  2400  and  2800  degrees  while  without  the  arch  it  is  from 
2100  to  2600  degrees,  the  temperatures  increasing  in  both  cases 
with  increases  in  the  rate  of  firing.  The  firebox  conditions  are 
reflected  in  the  smokebox  temperatures  where  the  arch  tests  show 
temperatures  slightly  higher  than  those  without  arch. 
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Fig.  2. 

DRAFT  AND  RATE  OF  COMBUSTION. 

The  resistance  offered  by  the  arch  causes  an  increase  in  the  draft  intensity  at  all  points. 
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Fig.  3. 

DRAFT  AND  RATE  OF  EVAPORATION. 

The  draft  or  partial  vacuum  is  increased  by  the  use  of  the  arch. 
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Fig.  4. 

FIREBOX  AND  SMOKEBOX  TEMPERATURES. 

The  firebox  and  smokebox  temperatures  are  increased  by  the  use  of  the  arch. 
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Evaporation. 

1 1 .  The  effect  of  the  arch  upon  the  evaporation  of  the  Lis 
boiler  is  illustrated  in  Fig.  5.  It  is  here  shown  that  the  brick 
arch  is  responsible  for  an  increase  in  evaporation  at  all  rates  of 
combustion.  In  road  service  these  locomotives  would  not  often  be 
fired  at  a  rate  above  5600  pounds  per  hour  and  at  this  rate  the 
increase  in  evaporation  is  8.5  per  cent.  Further,  it  may  be  observed 
that  the  arch  was  responsible  for  an  increase  in  boiler  capacity,  for 
the  maximum  evaporation  with  a  good  boiler  pressure  was  15.5 
per  cent,  greater  than  that  obtained  without  the  arch.  In  a 
number  of  the  diagrams  a  point  is  shown  for  a  test  without  arch 
but  the  test  is  not  taken  into  account  in  drawing  the  curve  for 
tests  without  arch.  This  test,  No.  5015  at  160-65-F,  was  made 
by  driving  the  boiler  far  beyond  its  true  capacity,  without  the 
arch,  and  by  firing  coal  at  the  rate  of  13,000  pounds  per  hour. 
The  evaporation,  under  these  conditions  was  53,800  pounds  per 
hour  and  the  boiler  pressure  185  pounds.  A  greater  evaporation, 
58,200,  with  the  arch,  was  obtained  with  a  rate  of  firing  of  9300 
pounds  per  hour  and  a  boiler  pressure  of  204.3  pounds.  Test  No. 
5015  is  of  interest  in  showing  the  waste  of  coal  when  an  attempt 
is  made  to  obtain  high  boiler  capacity  without  the  arch. 

Smokr 

12.  A  decrease  in  the  smoke  density  or  blackness.  Fig.  6,  ac¬ 
companied  the  use  of  the  arch  at  all  rates  of  combustion. 

Equivalent  Evaporation. 

13.  An  improved  equivalent  evaporation  per  pound  of  dry 
coal.  Fig.  7,  was  obtained  at  all  rates  of  firing  with  the  use  of  the 
arch,  indicating  an  economy  ranging  from  6  to  10  per  cent,  as  the 
firing  rate  increased  from  minimum  to  maximum.  If  the  maxi¬ 
mum  rate  of  firing  in  road  service  is  80  pounds  per  square  foot  of 
grate  or  5600  pounds  per  hour  the  saving  due  to  the  arch  is  between 
6  and  8  per  cent.  At  like  rates  of  equivalent  evaporation  per 
square  foot  of  heating  surface.  Fig.  8,  the  arch  effected  an  increase 
in  the  evaporation  per  pound  of  dry  coal  ranging  between  7.4  and 
18  per  cent,  as  the  evaporation  per  square  foot  of  heating  surface 
was  increased  from  5  to  14  pounds.  When  considering  the  rates 
of  evaporation  which  occur  in  service  or  those  between  6  and  12 
pounds  per  square  foot  of  heating  surface  the  saving  due  to  the 
arch  is  between  7.4  and  12.4  per  cent. 
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Fig.  5. 

COAL  FIRED  AND  WATER  EVAPORATED. 

With  the  arch  the  evaporation  is  greater  than  without  the  arch  at  all  rates  of  firing.  The  increase  in  maximum 
evaporation  is  about  15.5  per  cent. 
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Fig.  6. 

COAL  FIRED  AND  SMOKE. 

With  this  coal  there  appears  to  be  less  smoke  with  than  without  arch. 
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Fig.  7. 

RATE  OF  FIRING  AND  EVAPORATION  PER  POUND  OF  COAL. 

With  this  high  volatile  coal  the  arch  shows  an  increase  in  equivalent  evaporation  per  pound  of  coal  of  about 
8  per  cent. 
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Fig.  8. 

RATE  OF  EVAPORATION  AND  EVAPORATION  PER  POUND  OF  COAL. 

When  the  test  results  are  plotted  according  to  the  rate  of  evaporation  the  increase  in  evaporation  per  pound 
of  coal  due  to  the  arch,  is  about  10  per  cent. 
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Fig.  9. 

RATE  OF  FIRING  AND  EFFICIENCY  OF  BOILER. 
With  the  arch  there  is  a  uniformly  higher  efficiency  of  the  boiler. 
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Boii^er  Efficiency. 

14.  When  plotted  against  the  combustion  rate,  Fig.  9,  the 
boiler  efficiency  shows  an  increase  ranging  between  6.9  and  11.6 
per  cent,  as  the  rate  of  firing  increased  from  35  to  120  pounds 
of  dry  coal  per  square  foot  of  grate  per  hom-.  Here  again  if  we 
consider  the  rates  which  occur  in  service  the  increase  in  boiler 
efficiency  would  be  between  7  and  8^  per  cent.  When  compared 
on  the  basis  of  water  evaporated  per  hour  as  in  Fig.  10  the  arch 
shows  a  higher  boiler  efficiency  at  all  rates  of  evaporation.  Other 
experimenters  have  found  that  the  arch  tubes  alone  by  their 
added  heating  surface  and  the  increase  in  the  circulation  of 
water  in  the  boiler,  cause  a  saving  of  approximately  one  per 
cent,  for  each  tube.  It  maybe  assumed,  then,  that. our  boiler 
when  operated  without  the  arch,  but  with  the  foiu*  arch  tubes 
in  the  firebox,  gave  an  evaporation  that  was  some  four  or  five 
per  cent,  better  than  would  have  been  the  case  had  the  arch  tubes 
been  removed. 

ENGINE  PERFORMANCE. 

1 5.  The  use  of  the  brick  arch  has  no  direct  effect  upon  the 
engine  economy  but  results  in  an  increase  in  cylinder  horse¬ 
power  on  account  of  the  greater  evaporation. 

16.  It  is  interesting  to  note  that  no  higher  superheat,  as 
shown  in  Fig.  11,  was  obtained  with  the  arch  and  as  a  consequence 
no  improvement  in  the  weight  of  steam  per  horsepower  is  to  be  ex¬ 
pected  from  the  use  of  the  arch.  Fig.  12  confirms  this  as  the  results 
with  and  without  arch  are  of  about  equal  value  at  all  powers. 

17.  The  maximum  indicated  horsepower  obtained  with  the 
arch  in  use  was  2790.3  at  28.9  m.p.h.  and  65  per  cent,  cut-off, 
while  with  the  arch  removed  but  2602.8  i.h.p.  was  developed 
at  this  speed  but  with  a  60  per  cent,  cut-off,  .thus  showing  an 
increase  in  power  of  7.2  per  cent,  in  favor  of  the  arch. 

1 8.  The  economy  in  coal,  based  on  the  indicated  horsepower 
developed.  Fig.  13,  increases  with  the  power  and  ranges  from  0  at 
light  loads  to  12  per  cent,  at  maximum  power. 

19.  It  is  noticeable.  Fig.  14,  that  an  increase  in  cylinder 
horsepower  is  obtained,  when  using  the  arch,  at  all  rates  of  com¬ 
bustion.  This  increase  varies,  and,  as  we  have  shown  in  Par.  17, 
it  is  about  7.2  per  cent,  when  firing  9500  pounds  of  coal  per  hour. 
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Fig.  10. 

EVAPORATION  AND  BOILER  EFFICIENCY. 

With  the  arch  the  boiler  efficiency  is  increctsed  at  ail  rates  of  evaporation. 
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Fig.  11. 

RATE  OF  EVAPORATION  AND  SUPERHEAT  OF  STEAM. 
The  superheat  of  the  steam  is  not  increased  by  the  use  of  the  arch. 
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Fig.  12. 

i  INDICATED  HORSEPOWER  AND  WATER  RATE. 

The  superheat  is  not  changed  by  the  use  of  the  arch  and  the  water  rate  remains  the  same  as  without  the  arch. 
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Fig,  13. 

INDICATED  HORSEPOWER  AND  COAL  RATE. 

About  6  per  cent,  of  the  coal,  on  the  average,  is  saved  by  the  use  of  the  arch 
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Fig.  14. 

COAL  FIRED  AND  INDICATED  HORSEPOWER. 
At  all  powers,  less  coal  is  required  with  the  arch. 
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LOCOMOTIVE  PERFORMANCE. 

20.  The  dynamometer  records  indicate  that  the  effect  of  the 
arch  upon  the  locomotive  is  twofold,  it  decreases  the  coal  per 
dynamometer  horsepower,  and  by  reason  of  the  increased  boiler 
capacity,  it  produces  an  increased  dynamometer  horsepower, 
resulting  in  a  greater  drawbar  pull  at  vSpeeds  above  8  miles 
per  hour. 

21.  The  steam  used  per  dynamometer  horsepower  hour. 
Fig.  15,  is  not  affected  by  the  use  of  the  arch, 

22.  The  increase  in  dynamometer  horsepower  at  the  maxi¬ 
mum  power  developed  is  6.4  per  cent,  in  favor  of  the  arch.  This 
increase  was  obtained  at  a  speed  of  28.9  m.p.h.  and  a  cut-off  of 
65  per  cent. 

23.  The  economy  in  coal.  Fig.  16,  in  favor  of  the  arch,  is 
between  6  and  18  per  cent,  or  an  average  of  about  12  per  cent. 

24.  This  economy  in  coal,  based  on  the  dynamometer  horse¬ 
power  output,  makes  possible  an  increase  in  dynamometer  horse¬ 
power  at  all  rates  of  combustion.  Fig.  17-  illustrates  this  fact 
clearly,  showing  that  the  locomotive  with  the  brick  arch  could 
develop  17.0  per  cent,  more  dynamometer  horsepower  at  4000 
pounds,  and  7.2  per  cent,  more  when  the  firing  rate  approximates 
9500  pounds  of  dry  coal  per  hour. 

25.  The  additional  power  developed  with  the  arch  in  use,  as 
shown  in  Fig.  17,  makes  possible  an  increase  in  drawbar  pull  at 
speeds  above  8  miles  per  hour.  Fig.  18,  where  the  increased  capacity 
of  the  boiler  is  an  important  factor.  An  increased  pull  of  6.4 
per  cent,  was  obtained  at  29  m.p.h. 
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Fig.  15. 

DYNAMOMETER  HORSEPOWER  AND  WATER  RATE. 

There  is  no  difference  shown  between  the  results  with  and  without  the  arch. 
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Fig.  16. 

DYNAMOMETER  HORSEPOWER  AND  COAL  RATE. 
At  all  horsepowers  there  is  a  saving  of  coal  with  the  arch. 
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Fig.  17. 

COAL  FIRED  AND  DYNAMOMETER  HORSEPOWER. 

At  all  dynamometer  horsepowers  less  coal  is  required  with  the  arch. 
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Fig.  18. 

SPEED  AND  DRAWBAR  PULL.  ’ 

The  maximum  pull  is  developed  at  one  speed  only,  29  miles  per  hour,  and  at  this  speed,  the  test  with  arch, 
shows  a  pull  of  34,284  pounds,  while  without  the  arch  the  pull  is  32,218  pounds.  The  difference  is  2066  pounds 
or  an  increase  of  6.4  per  cent,  with  the  arch. 


CONCLUSIONS. 


BOIIyER. 

The  results  of  these  tests  point  to  the  following  facts  favorable 
to  the  use  of  the  solid  brick  arch,  the  advantage  of  which  in  coal 
saving,  as  shown  by  these  tests,  is  due  in  a  large  measure,  to  the 
use  of  a  high  volatile  gas  coal  which  has  a  long  flame  and  requires, 
for  its  proper  combustion,  an  increase  over  the  usual  distance 
between  the  fuel  bed  and  the  tube  openings.  The.  low  volatile 
coals  do  not  require  this  long  flameway  and  their  combustion  is  not 
benefited  by  the  arch  to  nearly  the  same  extent  as  that  of  the  high 
volatile  coals. 

(a)  The  maximum  evaporation  when  using  high  volatile  coal 
was  increased  15.5  per  cent,  by  the  use  of  the  arch,  thus  indi¬ 
cating  a  larger  boiler  capacity.  (Par.  11.) 

(b)  There  occurs  with  the  arch  a  lower  smoke  density  as 
measured  by  the  Ringlemann  scale.  (Par.  12),  which  coincides 
with  the  conclusions  from  earlier  arch  tests  (see  first  part  of  Par. 
29,  Bulletin  6.) 

(c)  The  arch  increases  the  evaporation  per  pound  of  coal  and 
for  ordinary  rates  of  working  this  increased  evaporation  represents 
an  economy  in  coal  of  from  6  to  8  per  cent.  (Par.  13.)  This  is 
similar  to  the  results  obtained  in  previous  arch  tests  where  an 
economy  of  from  12  to  13§  per  cent,  was  obtained  (see  Par.  26, 
Bulletin  6.) 

(d)  A  higher  boiler  efficiency  was  made  possible  by  the  arch 
at  all  rates  of  evaporation.  (Par.  14.) 

Engines. 

(a)  The  coal  saving  due  to  the  arch  ranged  between  0  and 
12.0  per  cent.  (Par.  18.) 

(b)  The  cylinder  or  indicated  horsepower  was  increased  7.2 
per  cent.  (Par.  17.) 

Locomotive. 

(a)  An  increase  in  the  maximum  dynamometer  horsepower 
was  obtained  amounting  to  6.4  per  cent.  (Par.  22.) 

(b)  At  equal  combustion  rates  an  increase  in  dynamometer 
horsepower  is  possible,  ranging  between  17.0  per  cent,  at  the 
4000-pound  rate  and  7.2  per  cent,  at  the  9500-pound  rate  of  firing. 
(Par.  24.) 
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(c)  The  increased  capacity  of  the  boiler  and  the  additional 
cylinder  power  of  the  engines  make  possible  an  increased  drawbar 
pull  at  speeds  above  8  m.p.h.  The  increase  in  pull  at  29  m.p.h. 
was  6.4  per  cent.  (Par.  25.) 

C.  D.  YOUNG, 

Engineer  of  Tests. 

Approved : 

J.  T.  WALLIS, 

General  Supt.  Motive  Power. 

Test  Department, 

Aetoona,  Penna., 

December  30,  1916. 
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Average  Results  of  Locomotive  Tests 

SUBJECT:  BR  ICK  arch  TESTS.  ALTOONA,  PA., . .9 -.26 -19^^ 


Driving  Wheels 

PISTON  RODS,  Diameter 

1 

Number  of  Pairs 

4 

INCHES 

2 

K2 

T4 

High  Pressure  .... 

.4.328 

154 

Engine  Truck  Wheels 

76 

Low 

- 

155 

14 

Number - 1 - 

_  Z 

TAIL  RODS,  Diameter, 

156 

15 

Diameter,  inches 

33 

INCHES 

167 

Trailing  wheels 

78 

High  Pressure 

.3c452.. 

*158 

16 

80 

Low  “  _ _ _ 

159 

Wheel  Base,  feet 

VALVES 

17.04 

82 

Type  12  INCH 

P 1 S  TO  N 

18 

Total  Wheel  Base _ ... 

.36.40 

83 

Design  ANCHORED 

J_  R  1  NO  _ 

19 

Gage  of  Wheels 

56.00 

84 

Per  Cent.  Balanced _ 

100 

weight  of  engine  with  water 

35 

Type  of  Valve  MotionWALSCHA  E  R  TS 

160 

AT  2D.  GAGE  COCK  AND  NORMAL 

Greatest  valve  travel 

1^1 

FIRE,  POUNDS 

86 

High  Pressure,  inches  ... 

_ b. 

20 

27200 

88 

Low  “•  “  .  ... 

- 

2  1 

“  1st  Drivers 

_ 55933 

steam  Lap  of  Valve 

162 

22 

“  “  . 

56400 

90 

Higii  Pressure,  inches 

0*89. 

163 

23 

“  “ 

62000 

94 

Low  “  “  . 

- 

167 

24 

"  4th  “ 

..  61500 

EXHAUST  LAP  OF 

Valve 

25 

“  .Sth  “ 

98 

High  Pressure,  inches 

0.13 

168 

26 

“  Trailer.'; 

52600 

102 

Low  “  “  . 

169 

27 

Total  _ 

.31.5600 

Boiler 

28 

235800 

113 

Type  B  E  L  P  A  1  R  E 

WIDE  F. E 

171 

Cylinders 

114 

Outside  Diam.  1st  Ring. . 

_  82^0  .5 

Diam,  and  Stroke,  H.  P  _ 

27  X  30 

Tubes 

172 

M  M  U  IP 

- 

116 

NumberLARGE  40 

smali.23-6 

CLEARANCE  IN  PER  CENT.  OF  PISTON 

116 

Outside  Diam.,  inchesB^ 

A  N  O  2^_ 

173 

DISPLACEMENT 

Pitch  “  _... 

- - - 

40 

H.  P.  Right,  Head  End  _ 

_  8.30 

118 

Length  Between  Tube 

174 

4  1 

“  “  Crank  “ 

6.89 

Sheets,  inches 

227.0: 

42 

“  1  pff,  Head  " 

8.56 

119 

Total  Fire  Area,  sq.  ft. 

_ 8..J;_1 

43 

“  “  Crank  "  _.. 

_ 7 .  L5 

124 

Boiler  Pressure,  pounds.. 

_ J2a5_ 

44 

L.  P.  Right,  Head  “  .... 

— 

Superheater 

45 

“  “  Crank  “ 

125 

Number  of  Tubes 

40 

46 

“  Left,  Head  " 

126 

Outside- Diam.  “  inches 

1.5 

47 

“  “  Crank  “ 

128 

Length  of  “  “ 

217.0 

receiver.  Cubic 

Feet 

Firebox,  inside. 

Inches 

48 

Volume  Right  Side 

132 

Length  . . 

170.69 

49 

“  Left  “ 

133 

Width 

75.96 

STEAM  PORTS,  INCHES 

137 

Air  Inlets  to  Ashpan, 

50 

H.  P.  Admission,  Length  . 

_ 29.9.4 

sq.  ft. _ _ _ 

_ 7,85 

5  1 

“  "  Width  _ 

____2.25 

Grates 

58 

L.  P.  “  Length 

- 

144 

Type. 

_ 

59 

“  “  Width 

146 

Grate  Area,  sq.  ft. 

JW.*.27 

66 

H.  P.  Exhaust,  Length 

146 

Area  of  Dead  Grates  . 

67 

•  “  Width 

_ _ 

70 

L.  P.  "  Length 

- 

7  1 

‘  •  Width  __ 

HEATING  SURFACE, 

Square  Feet 

Of  the  Tubes,  Water  Side_  3.7 13a  79_ 
“  “  “  Fire  "  -  3372...0Q 

“  “  Firebox,  "  “ _ 30.5.9JZ- 

“  “  Superh'r,  “  “  _ 123 3  . 

Total,  Based  on  "  “  _ 49.1 1*21. 

K  m  u  u  u 

of  Firebox  and 

Water  Side  ofTubes _ 52_53a_00_ 

BOILER  VOLUME 
WITH  WATER  SURFACE  AT  LEVEL 
OF  2D  GAGE  COOK 

Water  Space,  cu.  ft.  1572.06 

Steam  “  “  “  _ 1^73_ 

Exhaust  nozzle 

Double  or  Single _ SJ_N.SLE - - 

Size,  inches _ 7_  J  HCH 

Area,  sq.  inches _ 28^ .  19 , 

REVERSE  LEVER 
H.  P.  Notches  Forward  of  Center 
L.  P.  Notches  Forward  of  Center. 

^  RATIOS 
Heating  Surface  C158)  to 

Grate  Area  (145)  - - 

Fire  Area  Thru  Tubes  i119) 
to  Grate  Area  (145)  — 

Firebox  Heating  Surface  (156) 
to  Grate  Area  (145) 

Tube  Heating  Surface  (155) 
to  Fire  Box  Heating 
Surface  (156)  — 


49 

69.00 

_4.35_ 

11.02 


Locomotive  has:- 
ScHMiDT  Superheater, 
Security  Sectional  Arch. 
Four  projection  nozzle 
TIP. 


>useo  in  calculations 


Table  I. 

DIMENSIONS  OF  LOCOMOTIVE. 
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TEST 

NUMBER 

RUNNIIMG  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Date  of 

Test 

Duration 

of 

Test 

Htfurs 

Revolutions 

per 

Minute 

Speed 

In 

Miles 
per  • 
Hour 

Piston 

Speed 

In  Feet 
per 

Minute 

Reverse 

Lever, 

Notches 

from 

Front 

Throttle 

Opening, 

Full 

or 

Partial 

-  TEMPERATURE,  DEGREES  F. 

SMOKEBOX 

Firebox 

by 

Pyrometer 

Testing 

Plant, 

Engine 

Room 

By 

Ther- 

mometer 

By 

Pyrometer 

R.  r.  M.  Cut-oH  Thmltls 

407 

196 

198 

199 

200 

201 

203 

20X. 

206 

207 

212 

208 

5006 

80-30-F 

9-12 

2.00 

80 

14.5 

398.2 

Full 

456 

2363 

73 

5007 

80-50-F 

9-13 

2.00 

80 

14.5 

398.2 

470 

2445 

69‘ 

5000 

120-50-P 

9-13 

1.00 

120 

21.7 

597.2 

rt 

523 

2530 

83 

5009 

120-60-F 

9-14 

1.00 

120 

21.7 

597.2 

ft 

556 

2610 

78 

5010 

160-65-F 

9-14 

1.00 

160 

28.9 

796.3 

•t 

609 

2820 

79 

M.  P.  394  A. — Second  Sheet 
*  8  I  ibK 

LOCOMOTIVE: 

TYPE 2-8-2 . 

CLASS  Lis . 

NUMBER  1165 


7  6  1907 


Pennsylvania  Railroad  Company 

Philadelphia,  Baltimore  &  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  &  Seashore  Railroad  Company 

TEST  DEf=>ARXIVIEr\J-r 


Bulletin  No. 30 


Average  Results  of  Locomotive  Tests 


SUBJECT : . Briclc  Arch  Tests . 


Altoona,  Pa.,  .  9-26-1.916. 


BOILER  RERFORIVIANCE 


TEST 

NUMBER 


PRESSURE  POUNDS  PER  SQ.  IN, 


Air  In 
Testing 
Plant, 
Barometric 


IN  BOILER 


Average 


Maximum 


Minimum 


QUALITY 

OF 

STEAM^ 
IN  DOM^ 
PER  CENT. 


DRAFT,  INCHES  OF  WATER 


IN  SMOKEBOX 


Froot 

of 

Diaphragm 


Back 

of 

Diaphragm 


In 

Firebox 


In 

Ashpan 


FUEL  FIRED 


Kind 

of 

Fuel 


Total 
Pounds, 
For  Test 


221 


217 


218 


219 


228 


222 


223 


224 


225 


232 


233 


5006 

5007 
5006 

5009 

5010 


14.20 

14.18 

14.13 

14.12 

14.07 


204.6 

205.2 

205.3 
204.6 

204.3 


205 

206 
206 

205 

206 


204 

204 

203 

204 
201 


2.2 

4.9 

7.5 

10.9 

16.6 


1.5 

3.4 
5.2 

7.4 

11.0 


0.5 

1.9 

2.3 

2.9 

3.4 


0.17 

0.28 

0.58 

0.67 

1.00 


Bitcuninous 
Coal , 
Screened 


4427 

6889 

4377 

6094 

9480 


BOILER  RERFORMAIMCE 


TEST 

NUMBER 

ANALYSIS  OF  FUEL  (PROXIMATE) 
PERCENTAGE  OF 

CALORIFIC  VALUE 
B.T.  U.  PER  POUND 

FUEL  AND  ASH 

TOTAL  POUNDS 

DRY  FUEL 
FIRED 

PER  -HOUR 
POUNDS 

Fixed 

Carbon 

Volatile 

Com¬ 

bustible 

Moisture 

Ash 

Sulphur, 

Determined 

Separately 

Of 

Dry  Fuel 

Of 

Combustible 

Dry 

Fuel  Fired 

Combustible 

by 

Analysis 

Ash 

by 

Analysis 

241 

242 

243 

244 

245 

248 

249 

235 

236 

237 

338 

5006 

54.00 

31.00 

0.92 

14,08 

1.14 

13088 

15258 

4358 

3763 

623 

2179 

5007 

n 

It 

n 

It 

tt 

tt 

tt 

6781 

5856 

970 

3391 

5008 

rt 

If 

If 

tt 

ft 

It 

It 

4309 

3720 

616 

4309 

5009 

tt 

It 

rt 

ft 

tt 

II 

tl 

5999 

5180 

858 

5999 

5010 

M 

If 

ft 

tt 

•1 

It 

tt 

9332 

8058 

1335 

9332 

Table  II. 

TEST  CONDITIONS  AND  BOILER  PERFORMANCE 
Tests  with  arch. 
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M-J*.  Third  Sheet 

8  I  fdJi 


LOCOMOTIVE: 
TYPEJ2-8-2 . 

CLASS  Lie . 

NUMBER  1165.. 


Pennsylvania  Railroad  Company 

Philadelphia,  Baltimore  A  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  A  Seashore  Railroad  Company 

TEST  OEF^AR-riVieNT 


7  8  1907 


Bulletin  Wo. 30 


Average  Results  of  Locomotive  Tests 


SUBJECT:  Brick  Arch  Tests. 


Altoona,  Pa., 


TEST 

NUMBER 

TEST 

DESIGNATION 

BOILER 

PERFORMANCE 

DRY  FUEL 
FIRED  PER 
HOUR  PER 
SQ.  FT.  OF 
GRATE,  LBS. 

CINDERS  AND 
POUNDS  PER  HOUR 

SPARKS 

CALORIFIC  VALUE 
B.T.U.PER  POUND 

ANALYSIS  OF 
SMOKE  BOX  GASES 

Cinders 
Collected  In 
Smoke  Box 

Sparks 
Discharged 
from  Stack 

Total 

Cinders  and 
Sparks 

Oxygen 

0 

Carbon 

Monoxide 

CO 

Of  Cinders 

Of  Sparks 

8.  P.  M.  Cul-off  Throttle 

339 

236 

239 

240 

250 

251 

263 

264 

5006 

80-30-F 

31.0 

6.2 

0,0 

5007 

80-50-F 

48.3 

4.4 

0,0 

5008 

120-50-F 

61.3 

3,9 

0,0 

5009 

120-60-F 

85.4 

5.2 

0.1 

5010 

160-65-F 

132,8 

0,9 

0.1 

BOILER  RERFORMANCE 


TEST 

NUMBER 

ANALYSIS  OF 
SMOKE  BOX  GASES 

BOILER  FEED  WATER 

EVAPORATION 

Delivered 

to 

Injectors, 

Pounds 

LOST 

Delivered  to 
Boiler  and 
Presumably 
Evaporated 
Pounds 

Temperature 

of 

Feedwater 

Decrees 

Steam 
Delivered 
by  Boiler 
Pounds 
per  Hour 

DRY  STEAM.  PD 

UNDS 

Carbon 

Dioxide 

CO2 

Nitrogen 

N 

From 

Boiler 

Pounds 

From 

Injector 

Pounds 

PER  HDOR 

Per 

Peund  of 

Dry  Fuai 

Delivered 
by  Boiler 

Pmv  8<)uar« 

Foot  of  Flro 
Htating  8uHoo« 

265 

256 

259 

260 

261 

264 

211 

340 

341 

342 

343 

5006 

12,1 

61,8 

38986 

38966 

67.4 

19493 

19493 

4.0 

9.0 

5007 

13.7 

81.9 

59322 

59322 

68.6 

29661 

29661 

6.0 

8.8 

5008 

13,3 

82.6 

35138 

35138 

69.3 

35138 

35138 

7.2 

8.2 

5009 

12.9 

81.8 

46370 

46570 

69.5 

46370 

46370 

9.4 

7.7 

5010 

\ 

15.9 

83.1 

50227 

58227 

69.0 

• 

58227 

58227 

11.9 

6.2 

TEST 

NUMBER 


BOILER  RERFORMANCE 


FACTOR 

OF 

EVAPOR¬ 

ATION 


EQUIV’T  EVAP’N  FROM  AND  AT  212“  F.  LBS. 

Per 

Hour 

Per  Hour 
per  Square 
Foot  of  Fire 
Heating 
Surface 

PER  POUND  OF 

Fuel; 
as  Fired 

Dry  Fuel 

Combustible 

344 

345 

346 

347 

348 

24922 

5.1 

11.3 

11.4 

13.2 

38360 

7.8 

11.1 

11.3 

13.1 

45715 

9.3 

10.4 

10.6 

12.3 

60981 

12.4 

10.0 

10,2 

11.8 

76820 

15.6 

8.1 

8,2 

9.5 

BOILER 
HORSE 
POWER 
(34t  U.ofE.) 


EFFICIENCY 

OF 

BOILER 
(BASED  ON 
DRY  FUEL) 


FUEL  LOSS 
DUE  TO 
STEAM  LOSS 
POUNDS 
PER 
HOUR 


STEAM  LOST 
FROM 
BOILER 
POUNDS 
PER 
HOUR 


300 


5006 

5007 

5008 

5009 

5010 


1.2784 

1.2931 

1.3008 

1.3148 

1.3191 


349 


360 


215 


216 


722.4 

1111.8 

1325.1 

1767.3 

2226.3 


84.8 

83.9 
78.7 
75.4 
61.0 


222 

206 

20 

13 

10 


1980 

1800 

162 

102 

64 


Table  III. 

BOILER  PERFORMANCE. 
Tests  with  arch. 
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TESt 

NUMBER 

RUISINIIMG  COISIDI-TIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Date  of 

Test 

'  Duration 
of 

Test 

Hours 

Revolutions 

per 

Minute 

Speed 

in 

Miles 

per 

Hour 

Piston 

Speed 

In  Feet 

'per 

Minute 

Reverse 

Lever, 

Notches 

from 

Front 

Throttle 

Opening, 

Full 

or 

Partial 

TEMPERATURE,  DEGREES  F. 

SMOKEBOX 

Firebox 

by 

Pyrometer 

Testing 

Plant, 

Engine 

Room 

By 

Ther¬ 

mometer 

By 

Pyrometer 

R.  P.  M.  Cst-off  ThroHls 

407 

196 

198 

199 

200 

201 

203 

204 

206 

207 

212 

208 

5017 

80-30-F 

9-23 

2.00 

80 

14.4 

398.2 

Full 

426 

2050 

67 

5012 

B0-50-F 

9-15 

2.00 

80 

14,5 

398.2 

It 

462 

2390 

71 

5013 

120-50-F 

9-16 

1.00 

120 

21.7 

597.2 

t1 

502 

2490 

60 

5014 

120-60-F 

9-18 

1.00 

120 

21.7 

597.2 

It 

525 

2500 

66 

5016 

160-60-F 

9-18 

0.75 

160 

26.9 

796.3 

It 

529 

2610 

65 

5015 

160-65-F 

9-18 

0.50 

160 

28;9 

796.3 

If 

528 

2320 

66 

M.  P.  394  A— Seeond  Sheet 

8  X  1(^ 


LOCOMOTIVE: 

TYPE  .2-8-2 . 

CLASS....I^.1§ . 

NUMBER  1165 

SUBJECT: . Brick 


0  1907 


Pennsylvania  Railroad  Company 

PhiledelphiK,  Baltimore  &  Washington  Railroad  Company 
Northern  Central  Railway  Company 
West  Jersey  &  Seashore  Railroad  Company 

TEST  DEF»A.RXrVtEINJX 


Bulletin  TTo,30 


Average  Results  of  Locomotive  Tests 

.ATCh  Tests ,  Arch  Hemoved. . .  Altoona,  Pa., . .9-2.6-.1.9.I6., 


BOILEIR  reirformance: 


TEST 

NUMBER 

PRESSURE  POUNDS  PER  SQ.  IN. 

QUALITY 

OF 

STEAM 

IN  DOME 
PERCENT. 

DRAFT,  INCHES  OF  WATER 

FUEL  FIRED 

Air  In 
Testing 
Plant, 
Barometric 

IN  BOILER 

IN  SMOKEBOX 

In 

Firebox 

In 

Ashpan 

Kind 

of 

Fuel 

Total 

Pounds, 

For  Test 

Average 

Maximum 

Minimum 

Frost 

of 

Diaphragm 

Back 

of 

Diaphragm 

221 

217 

218 

219 

228 

222 

223 

224 

225 

232 

233 

5017 

14.06 

205.2 

206 

204 

2.1 

1.5 

0.6 

0.15 

Bituminous 

4680 

5012 

14.06 

205.0 

206 

203 

4.9 

3.3 

1.1 

0.48 

Coal, 

7634 

5013 

14.18 

205.4 

206 

204 

7.2 

4,8 

1.4 

0.59 

Screened 

5000 

5014 

14.16 

204.4 

'  206 

201 

10,5 

6.7 

2.0 

0.76 

7289 

5016 

14.15 

202.5 

205 

193 

12.3 

7.8 

2.6 

0.93 

6570 

5015 

14.15 

185.0 

202 

178 

13.9 

5.1 

3.2 

0.76 

6612 

BOILER  RERFORIS/IANCE 


TEST 

NUMBER 

ANALYSIS  OF  FUEL  (PROXIMATE) 
PERCENTAGE  OF 

CALORIFIC  VALUE 
B.T.  U.  PER  POUND 

FUEL  AND  ASH 

TOTAL  POUNDS 

DRY  FUEL 
FIRED 

PER  HOUR 
POUNDS 

Fixed 

Carbon 

Volatile 

Com¬ 

bustible 

Moisture 

Avh 

Sulphur, 

Determined 

Separately 

or 

Dry  Fuel 

Of 

Combustible 

Dry 

Fuel  Fired 

Combustible 

by 

Analysis 

Ash 

by 

Analysis 

241 

242 

243 

244 

245 

248 

249 

235 

236 

237 

338 

5017 

54.00 

31.00 

0.92 

14.08 

1.14 

13088 

15258 

4607 

3978 

659 

2304 

5012 

ft 

It 

tt 

tt 

tt 

Tt 

tt 

7515 

6489 

1075 

3758 

5013 

It 

It 

tf 

tt 

If 

ft 

ft 

4922 

4250 

704 

4922 

5014 

It 

If 

ft 

tt 

It 

It 

tt 

7175 

6195 

1026 

7175 

5016 

Tt 

It 

tf 

II 

tt 

It 

tt 

6468 

5585 

925 

8624 

5015 

It 

ft 

ft 

It 

tt 

tt 

tt 

6509 

5620 

931 

13018 

Table  IV. 

TEST  CONDITIONS  AND  BOILER  PERFORMANCE, 
Tests  without  arch. 
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394  A~Tbird  Sheet 

“  '  8i;'  ld>5  7  5  1907 

Pennsylvania  Railroad  Company 

LOCOMOTIVE  '  Philadelphia.  Baltimore  £  Washington  Railroad  Company 

Northern  Central  Railway  Company  n  n  n  i.  •  nrrv 

TYPE....2~.8— 2 .  West  Jersey  4  Seashore  Railroad  Company  Bulleliin  N0»3U 

CLASS  LXS .  TEST  DEPARTIVIEPJT 


NUMBER  1165  Average  Results  of  Locomotive  Tests 


SUBJECT:  .Briclc  Arch  Tests,  Arch  Removed. . - .  ALTOONA,  Pa., . .9-26.-1916,, 


BOIL.ER  RERFORMANCE 


TEST 

NUMBER 

TEST 

DESIGNATION 

DRY  FUEL 
FIRED  PER 
HOUR  PER 
SO.  FT.  OF 
GRATE,  LBS. 

CINDERS  AND 

SPARKS 

ANALYSIS  OF 

SMOKE  BOX  GASES 

POUNDS  PEFt  HOUR 

CALORIFIC  VALUE 

B.  T.  U.  PER  POUND 

Cinders 
Collected  in 
Smoke  Box 

Sparks 
Discharged 
from  Stack 

Total 

Cinders  and 
Sparks 

Oxygeh 

0 

Carbon 

Monoxide 

CO 

Of  Cinders 

Of  Sparks 

I.  P  M.  Cut-sft  Thfottls 

339 

238 

239 

240 

250 

251 

253 

254 

5017 

80-30-F 

32.8 

6.1 

0.2 

5012 

80-50-P 

53.5 

4.8 

0.1 

5013 

120-50-F 

70.0 

5.2 

0.1 

5014 

120-60-F 

102.0 

3.1 

0.1 

5016 

160-60-F 

122.7 

3.6 

0.3 

5015 

160-65-F 

185.3 

3,0 

0.9 

BOILER  RERFORMANCE 


TEST 

NUMBER 

ANALYSIS  OF 
SMOKE  BOX  GASES 

BOILER  FEED  WATER 

EVAPORATION 

Delivered 

to 

Injectors, 

Pounds 

LOST 

Delivered  to 
Boiler  and 
Presumably 
Evaporated 
Pounds 

Temperature 

of 

Feedwater 

De^ees 

Steam 
Delivered 
by  Boiler 
Pounds 
per  Hour 

DRY  STEAM.  POUNDS 

PER  HOUR 

Per 

Pound  of 

Dry  Fuel 

Carbon 

Dioxide 

CO2 

Nitrogen 

N 

From 

Boiler 

Pounds 

From 

Injector 

Pounds 

Delivered 
by  Boiler 

Ptr  Squar* 

Foot  of  Fir* 
Hooting  ftuHaoo 

255 

256 

259 

260 

261 

264 

211 

340 

341 

342 

343 

■  5017 

12.2 

81.4 

37981 

37981 

66.1 

18991 

18991 

3.9 

8.2 

5012 

13.2 

81.9 

60300 

60300 

69.3 

30150 

30150 

6.1 

8.0 

5013 

12.9 

81.8 

36676 

36676 

68.0 

36676 

56676 

7.5 

7.5 

5014 

14.2 

82.5 

47570 

47570 

67.0 

47570 

47570 

9.7 

6.6 

5016 

13.8 

82.3 

37796 

37796 

66.2 

50395 

50395 

10.3 

5.8 

5015 

13.9 

82.2 

26949 

26949 

67,0 

53898 

53898 

11.0 

4.1 

BOILER  RERFORMANCE 


TEST 

NUMBER 

FACTOR 

OF 

EVAPOR¬ 

ATION 

EQUIV’T  EVAP’N  FROM  AND  AT  212“  F.  LBS. 

BOILER 
HORSE 
POWER 
(341  U.ofE.) 

EFFICIENCY 

OF 

BOILER 
(BASED  ON 
DRY  FUEL) 

FUEL  LOSS 
DUE  TO 
STEAM  LOSS 
POUNDS 
PER 

HOUR 

STEAM  LOST 
FROM 
BOILER 
POUNDS 

PER 

HOUR 

Per 

Hour 

Per  Hour 
per  Square 
Foot  of  Fire 
Heating 
SurEice 

PER  POUND  OF 

Fuel 

as  Fired 

Dry  Fuel 

Combustible 

300 

344 

345 

346 

347 

348 

349 

360 

215 

216 

5017 

1.2919 

24535 

5.0 

10.5 

10.7 

12.3 

711.2 

79.0 

250 

2060 

5012 

1.2967 

39102 

8.0 

10.3 

10.4 

12.1 

1133.4 

77.1 

348 

2790 

5013 

1.3013 

47728 

9.7 

9,6 

9.7 

11.2 

1383.7 

71.9 

290 

2160 

5014 

1.3187 

62733 

12.8 

8.6 

9.7 

10.1 

1818.4 

£4.8 

297 

1972 

5016 

1.3254 

66795 

13.6 

7.6 

7.8 

9.0 

1936.0 

57.5 

119 

694 

5015 

1.3201 

71142 

14.5 

5.4 

5.5 

6.3 

2062.1 

40.6 

0 

0 

Table  V. 

BOILER  PERFORMANCE. 
Tests  without  arch. 
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“8  X  loyi 
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TEST 

NUMBER 

RUNNING  CONDITIONS 

BOILER  PERFORMANCE 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hours 

Miles 

per 

Hour 

Throttle 

Opening, 

Full  or 
Partial 

Actual 

Cut-off 

Per  Cent, 

H.  P. 
Cylinders 

Pressure 

In  Boiler, 

Lbs.  per 

Sq.  Inch 

Draft 

in 

Smoke  Box, 
Inches 
of  Water 

Draft 

In 

Ash  Pan, 
Inches 
of  Water 

Calerific 
Value 
of  Dry 

Fuel, 

B.T.U.perLb. 

Cinders 

Collected  in 

Smoke  Box, 

Pounds 
per  Hour 

H.  r.  M.  Cut-oH  Throttle 

196 

199 

203 

268  to  271 

217 

222 

225 

248 

238 

5006 

5007 

5008 

5009 

5010 

t80-30-F 

80-50-F 

120-50-F 

120-.60-F 

160-65-F 

2.00 

2.00 

1.00 

1,00 

1,00 

14.5 

14.5 

21.7 

21.7 

28.9 

Pull 

n 

«f 

30,0 

47.0 

47.2 

58.3 
63.5 

204.6 

205.2 

205.3 
204.6 

204.3 

2.2 

4.9 

7.5 

10.9 

16.6 

0.17 

0.28 

0.58 

0.67 

1.00 

13088 

Tl 

tf 

It 

tt 

TEST 

NUMBER 

BOILER  PERFORMANCE 

ENGINE  PER 

FORMANGE 

Dry  Fuel 
fired 
per  Hour, 
Pounds 

Dry  Fuel 
per  Hour. 
Pounds  per 
Sq.  Ft.  of 
Grate 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212°  F..  POUNDS 

Boiler 

Horse 

Power 

(34HU.ofE.) 

Efficiency 
of  Boiler, 
Based 
on 

Fuel 

Average 

Smoke, 

Percent 

Pressure 

In 

Branch  Pipe, 
Pounds 
per  Sq  In- 

Superheat 

In 

Branch 

Pipe 

Degrees  F. 

Per 

Hour 

Per  Hour 
per  Sq.  Ft 
of  Fire 
Heating  Sur. 

Per 

Pound 

of 

Dry  Fuel 

338 

339 

340  1  344 

345 

347 

349 

350 

220 

230 

5006 

5007 
6008 

5009 

5010 

2179 

3391 

4309 

5999 

9332 

31.0 

48.3 

61.3 

85.4 
132,8 

19493 

29661 

35138 

46370 

58227 

24922 

38360 

45715 

60981 

76820 

5.1 

7.8 

9.3 

12,4 

15,6 

11.4 

11.3 

10.6 

10.2 

8.2 

722.4 

1111.8 

1325.1 

1767.3 

2226.3 

84.8 

83.9 
78.7 
75.4 
61.0 

2 

4 

4 

8 

22 

200.8 

197.8 

194.3 

189.4 
180,1 

132.5  . 

165.2 

183.5 

209.3 
221.2 

TEST 

NUMBER 

ENGINE  PERFORMANCE 

LOCOMOTIVE  PERFORMANCE 

Dry  Steam 
to 

Engines, 
Pounds 
per  Hour 

Indicated 

Horse 

Power 

Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 

Drawbar 

Pull, 

Pounds 

Dynamometer 

or 

Drawbar 

Horse 

Power 

Dry  Fuel 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Dry  Steam 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 

Machine 

Efficiency 

of 

Locomotive 
Per  Cent. 

Thermal 

Efficiency 

of 

Locomotive, 
per  Cent, 
(Based on  Fuel 

214 

379 

380 

381 

265 

383 

384 

385 

398 

399 

5006 

5007 

5008 

5009 

5010 

17513 

27861 

34976 

46260 

58l63 

925.5 

1486.1 

1918.3 

2364.4 
2790.3 

2.11 

2.14 

2.25 

2.53 

3.34 

18.93 

18.74 

18.23 

19.56 

20,84 

21602 

35907 

31004 

39362 

34284 

833.7 

1385.7 

1795,2 

2279.0 

2646.4 

2.4 

2.3 

2.4 
2.6 

3.5 

21.0 

20.2 

19.5 

20.3 

22.0 

90.0 

93.2 

93.6 

96.4 

94.8 

8.3 
8.5 
8.1 

7.4 

5.5 

LOCOMOTIVE: 

TYPE  ...2r,Sr:.2 . . 

CLASS  ...ItlB . . 

NUMBER . 1165.._ 


Table  VI. 

SUMMARY  OF  TEST  RESULTS  WITH  ARCH 


36 


LOCOMOTIVE: 

type . 2r:B.-2.... 

CLASS....L1.& . 

NUMBER...  11 65 


M.  P^394  A — ^Sixth  Sheet 

Pennsylvania  Railroad  Company  Bulletin  no. so 

Phiiadelphii,  Baltimore  &  Washington  Railroad  Company 
West  Jersey  &  Seashore  Railroad  Company 


S-21-15 
8  X  1034 


pyg|l_ .  Jamison 


TEST  DEPARTMENT 


Average  Results  of  Locomotive  Tests  Over  i-i/4  in. screen 
S U  B J EOT  : Bricfc.  Arch  ..Test  s  ,  ..Ar.cli..B.einoved... . . .  ALTOONA,  PA., .9.^2.6-19.16 


RUNNING  CONDITIONS 


BOILER  PERFORMANCE 


TEST 

NUMBER 

TEST 

DESIGNATION 

Duration 

of 

Test, 

Hours  . 

Miles 

per 

Hour 

Throttle 
Opening, 
Full  or 
Partial 

Actual 

Cut-off 

Per  Cent, 

H,  P. 
Cylinders 

Pressure 

In  Boiler, 
Lbs,  per 

Sq.  inch 

Draft 

In 

Smoke  Box, 
Inches 
of  Water 

Draft 

In 

Ash  Pan, 
Inches 
of  Water 

Calorific 
Value 
of  Dry 

Fuel, 

B.  T.  UiperLb. 

Cinders 
Collected  in 
Smoke  Box, 
Pounds 
per  Hour 

H.  P.  M.  But-off  Throttle 

196 

199 

203 

268  to  271 

217 

222 

225 

248 

238 

5017 

80-30-F 

2.00 

14.4 

Full 

29.6 

205.2 

2.1 

0.15 

13088 

5012 

60-50-F 

2.00 

14.5 

It 

47.9 

205.0 

4.9 

0.48 

It 

5013 

120-50-F 

1.00 

21.7 

It 

47.3 

205.4 

7.2 

0.59 

tt 

5014 

120-60-F 

1.00 

21.7 

u 

57.6 

204.4 

10.5 

0.76 

M 

5016 

160-60-F 

0.75 

28.9 

It 

60,1 

202.5 

12.3 

0.93 

If 

5015 

160-65-F 

0.50 

28.9 

ft 

64,2 

185.0 

13.9 

0.76 

11 

BOILER  PERFORMANCE 

ENBINE  PEf 

IFORMANGE 

TEST 

Dry  Fuel 

Dry  Fuel 

Water 
Delivered 
to  Boiler, 
Pounds 
per  Hour 

EQUIVALENT  EVAPORATION 

FROM  AND  AT  212°  F..  POUNDS 

Boiler 

Horse 

Power 

mVtU.ofl.) 

Efficiency 
of  Boiler, 
Based 
on 

Fuel 

Average 

Pressure 

In 

Superheat 

In 

NUMBER 

Fired 
per  Hour, 
Pounds 

Pounds  per 

Sq.  Ft.  of 
Grate 

Per 

Hour 

Per  Hour 
per  Sq.  Ft 
of  Fire 
heating  Sur. 

Per 

Pound 

of 

Dry  Fuel 

Smolce 

Percent 

Branch.  Pipe, 
Poiwds 
per  Sq  In- 

Branch 

Pipe 

Degrees  E, 

338 

339 

340 

344 

345 

347 

349 

350 

220 

230 

5017 

2304 

32.8 

18991 

24535 

5.0 

10.7 

711.2 

79.0 

14 

200.8 

155.5 

5012 

3758 

53.5 

30150 

39102 

8.0 

10,4 

1133.4 

77.1 

10 

197.1 

172.7 

5013 

4922 

70.0 

36676 

47728 

9.7 

9.7 

1383.7 

71.9 

10 

195.0 

17'8.6 

5014 

7175 

102.1 

47570 

62733 

12.8 

8.7 

1818.4 

64.8 

16 

186.1 

212.0 

5016 

8624 

122.7 

50395 

66795 

13.6 

7.6 

1936.0 

57.5 

40 

181.7 

227.2 

5015 

13018 

185.3 

53898 

71142 

14.5 

5.5 

2062.1 

40.6 

76 

160.3 

226.9 

ENGINE  PERFORMANCE 


LOCOMOTIVE  PERFORMANCE 


TEST 

NUMBER 


Cry  Steam 
to 

Engines, 
Pounds 
per  Hour 


Indicated 

Horse 

Power 


Dry  Fuel 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 


Dry  Steam 
per 

Indicated 

Horse 

Power  Hour, 
Pounds 


Drawbar 

Pull, 

Pounds 


Dynamometer 

or 

Drawbar 

Horse 

Power 


Dry  Fuel 
per 

Dynamom. 

Horse 

Power  Hour, 
Pounds 


Dry  Steam 
per 

Dynamom, 

Horse 

Power  Hour, 
Pounds 


Machine 

Efficiency 

of 

Locomotive, 
Per  Cent 


Thermal 

Efficiency 

of 

Locomotive, 
per  Cent, 
(Based  onFueh 


214. 


379 


380 


381 


265 


383 


384 


385 


398 


399 


5017 

5012 

5013 

5014 
5016 

5015 


16931 

27360 

34516 

45598 

49701 

53898 


937.6 

1491.1 
1866.4 
2333.0 
2602.8 

2551.1 


2.19 

2.29 

2.48 

2.95 

3.27 

5.10 


18.06 

18.35 

18.50 

19.55 

19.10 

21.13 


20936 

36120 

30193 

37586 

32218 

31070 


803.0 

1393.9 

1748.0 

2175.8 

2486.6 

2398.0 


2.6 

2.5 

2.7 

3.2 

3.4 

5.4 


21.1 

19.6 

19.8 

21.0 

20.0 

22.5 


85.6 
93.5 

93.7 

93.4 

95.5 
94.0 


7.6 
7.9 
7.3 
6.2 

5.7 
3.6 
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TRAIN  RESISTANCE  AND  TONNAGE  RATING. 

The  General  Methods  of  Obtaining  Train  Resistance  and 
THE  Development  of  Ratings  for  Locomotives  as  Prac¬ 
ticed  BY  THE  Pennsylvania  Railroad. 


INTRODUCTION. 

1.  The  subject  of  train  resistance  has  been  studied  by  vari¬ 
ous  authorities.  It  is  not  our  purpose,  however,  to  take  up  in 
this  Bulletin  a  general  discussion  of  those  studies,  but  to  present 
the  principal  results  obtained  in  tests  on  the  various  divisions  of 
the  Pennsylvania  Railroad  and  to  show  how  the  present  practice 
of.  train  loading  has  been  developed. 

2.  The  data  presented,  therefore,  has  been  taken  under  the 
service  conditions  of  the  Pennsylvania  Railroad  and  might  be 
materially  changed  if  taken  under  the  pc»ssibiy  different  condi¬ 
tions  found  on  other  railroads.  That  there  are  such  differences 
in  conditions  is  clearly  shown  in  a  review  of  (>1  different  formulae 
for  train  resistance  and  the  conditions  under  which  they  were 
established,  as  given  in  Bulletin  No.  84  of  the  American  Railway 
Engineering  and  Maintenance  of  Way  Association,  February^  1907. 

3.  In  the  determination  of  the  resistance  of  our  trains,  a 
dynamometer  car  is  used  as  a  means  of  measuring  the  drawbar 
pull  and  speed.  The  car  has  proved  very  useful  in  the  rating  of 
the  hauling  capacity  of  locomotives  and  is  of  great  importance  as 
a  means  of  increasing  the  efficiency  of  operation  -by  the  proper 
loading  of  trains.  It  measures  the  force  that  is  required  to  haul 
a  train  and  from  this  measurement  of  drawbar  pull,  taken  under 
a  wide  variety  of  conditions  incident  to  train  operation,  much 
useful  data  can  be  obtained, 

4.  Some  of  the  factors  which  are  of  importance  in  train  loading 
and  which  can  be  determined  by  the  use  of  a  dynamometer  car, 
are  as  follows: 

(a)  The  drawbar  pull  per  ton  of  car  and  lading  for  cars  of 
various  classes  when  operated  over  different  track  conditions. 

(b)  The  drawbar  pull  variations  which  are  caused  by  different 
"  weather  conditions. 


(3) 
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(c)  The  starting  force  of  locomotives  and  such  data  in  regard 
to  their  operation  as  cannot  be  obtained  at  the  Locomotive 
Testing  Plant. 

(d)  The  resistance  of  trains  when  passing  around  ciu^es, 
from  which  may  be  calculated  the  necessary  compensation  to  be 
made  in  the  grade  to  equalize  resistance  on  curves  and  tangents. 

Dynamometer  Car. 

5.  The  great  usefulness  of  the  dynamometer  car  has  long 
been  appreciated.  In  the  early  sixties,  a  car  with  a  crude  weigh¬ 
ing  apparatus,  similar  to  an  ordinary  butcher’s  balance,  was  in  use 
on  the  Pennsylvania  Railroad.  The  first  car  was  followed  by 
two  others,  each  of  larger  capacity  than  its  predecessor  but 
based  upon  the  same  principle  of  measuring  drawbar  pull  by 
the  deflection  of  a  calibrated  helical  spring. 

6.  A  fourth  car,  built  in  1885,  was  the  first  to  be  provided 
with  an  adequate  equipment  of  both  weighing  and  recording 
apparatus.  It  has  a  capacity  of  28,000  pounds  and  its  weighing 
device  is  based  upon  the  double  lever  principle,  using  Emery 
fulcrum  plates  instead  of  knife  edges.  The  capacity  of  this  car, 
although  adequate  to  meet  the  demands  made  upon  it  at  the  time 
it  was  built,  was  outgrown  after  it  was  placed  in  service  by  the 
rapid  increase  in  the  size  of  locomotives.  This  car  was  loaned  to 
the  Pennsylvania  State  College  in  1911  and  is  used  for  the  instruc¬ 
tion  of  students  in  the  Railway  Mechanical  Engineering  course. 

7.  The  fifth  car,  the  one  now  in  use  by  the  Pennsylvania 
Railroad  Company,  was  placed  in  service  in  September,  1906.  It 
has  a  capacity  of  100,000  pounds.  Briefly,  the  operation  of  this 
car  is  as  follows :  A  thrust  or  pull  upon  the  coupler  is  transmitted 
through  the  drawbar  of  the  car  to  the  piston  of  a  hydraulic  cylin¬ 
der  situated  within  the  center  sill  at  a  point  near  the  middle  of  the 
car.  The  hydraulic  pressure  set  up  in  this  main  cylinder  is  trans¬ 
mitted,  by  means  of  oil  with  which  both  cylinders  and  connecting 
pipes  are  filled,  to  a  smaller  recording  cylinder  within  the  body 
of  the  car.  Movement  of  the  piston  in  the  recording  cylinder  is 
resisted  by  calibrated  helical  springs,  the  deflections  of  which  (and 
the  resulting  movement  of  the  piston)  are  proportional  to  the 
pull  or  push  upon  the  coupler.  A  pen,  actuated  by  the  piston 
rod  of  the  recording  cylinder,  marks  upon  strip  of  paper,  which 
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moves  beneath  it,  an  irregular  line,  the  distance  of  which  from 
the  datum  line  is  proportional  to  the  drawbar  pull  upon  the 
coupler.  This  car  resembles  the  standard  wooden  passenger  car 
except  for  the  fact  that  it  is  a  trifle  shorter;  has  but  one  platform 
and  has' trucks  of  a  rather  unusual  design.  Illustrations  of  the 
car  are  shown  in  Figs.  1,  2  and  3.  The  car  has  been  in  almost 
continuous  use  since  its  construction  in  1906.  The  principal  work 
has  been  tonnage  rating  on  the  various  divisions  of  the  Lines  East 
and  West  of  Pittsburgh. 

REI.ATION  OP  Resistance  to  Speed. 

8.  The  factors  which  make  up  the  resistance  to  the  move¬ 
ment  of  a  car  on  level  tangent  track  may  be  placed  under  three 
principal  divisions : 

(a)  Journal  resistance,  or  tha^  due  to  the  rubbing  of  the 
journal  and  bearing. 

(b)  Air  resistance,  including  wind  resistance. 

(c)  Miscellaneous,  or  those  resistances  which  are  due  to  con¬ 
cussion,  flange  friction  and  the  rolling  of  the  wheels  upon  the  rail. 

9.  Of  the  three  divisions  of  resistance  the  third  depends  so 
largely  upon  the  condition  of  the  roadbed  and  cars  and  the  make¬ 
up  of  the  train,  that  its  relation  to  the  speed  cannot  be  definitely 
established.  Although  its  value  may  change  with  The  speed  of 
the  train,  assuming  that  the  cars  and  roadbed  are  in  first  class 
condition,  practical  means  are  not  available  for  separating  the  so 
called  miscellaneous  resistance  from  the  journal  and  air  resistance 
and,  therefore,  it  may  be  considered  a  constant  quantity  at  speeds 
up  to  twenty-five  miles  per  hour,  and  the  assumption  made  that 
the  journal  and  air  resistances  change  with  the  speed  of  the  train. 

10.  The  journal  resistance  or  the  resistance  offered  by  dry 
surfaces  rubbing  together  does  increase  with  the  speed  of  the  train, 
but  with  a  lubricated  journal  an  increase  in  speed  tends  to  heat 
the  oil  lubricant  and  lower  its  viscosity,  and  this  in  turn  tends  to 
lower  the  coefficient  of  friction  between  the  journal  and  the  bearing 
and  the  resulting  journal  resistance. 

11.  The  decrease  in  journal  resistance,  however,  may  be  off¬ 
set,  more  or  less,  by  the  increase  in  air  resistance  until  a  speed  is 
reached  at  which  the  viscosity  of  the  oil  is  a  minimum  and  from 
this  point  onward  the  combined  influence  of  journal  and  air 
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Fig.  2. 

DYNAMOMETER  CAR. 

Main  compartment  of  car  showing  recording  mechanism. 

The  opening  in  the  floor  shows  a  portion  of  the  main  hydraulic  cylinder  and  the  two  connecting  pipes. 
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Fig.  3. 

DYNAMOMETER  CAR  RECORDING  TABLE. 

Provision  is  made  for  drawing  eight  lines  in  addition  to  the  drawbar  pull  line.  The  pens  and  their  controlling 
magnets  are  shown  on  the  extreme  left.  The  first  line  indicates  whether  the  load  on  the  machine  is  a  push  or 
pull;  the  second  records  the  area  of  the  diagram  in  square  inches  between  the  zero  and  the  pull  line;  the  third 
indicates  the  distance  passed  in  five-second  intervals  of  time;  the  fourth  indicates  every  thousand  feet  traveled 
by  the  car;  the  fifth  and  sixth  pens,  operated  by  observers  on  the  locomotive,  record  the  time  of  taking  indicator 
cards,  and  the  steam  pressure  and  position  of  the  throttle  and  reverse  lever.  The  seventh  pen  is  operated  by  an 
observer  at  a  lookout  window  and  is  used  to  denote  locations  of  mile  posts,  stations,  etc.  The  eighth  pen  is  reserved 
for  extra  information  as  the  occasion  may  demand. 
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friction  tend  toward  an  increase  in  resistance  with  the  speed.  It 
has  been  found  that  at  a  speed  between  20  and  30  miles  per  hour 
their  combined  influences  tend  to  rapidly  increase. 

12.  The  fact  that  the  heating  of  the  journals  depends  upon 
the  time  the  train  has  been  in  motion  and  its  running  speed, 
makes  it  difficult  to  prove  that  the  resistance,  measured  at  any 
given  speed,  corresponds  normally  to  that  speed,  for  the  true 
resistance  at  any  speed  can  only  be  found  after  that  speed  has 
been  maintained  for  some  time. 

13.  It  has  been  observed  many  times,  during  dynamometer 
trials,  that  the  total  resistance  at  speeds  up  to  25  miles  per  hour  is 
often  as  low  as  at  minimum  speeds  and,  therefore,  until  methods 
are  devised  to  accurately  determine  the  relation  of  speed  to  resis¬ 
tance,  the  curve  shown  in  Fig.  4  may  be  taken  as  showing  the 
average  resistance  of  our  freight  cars  when  operated  on  properly 
maintained  level  tangent  track  at  speeds  below  25  miles  per  hour. 

The  resistance  figures  from  which  the  curve  has  been  derived 
were  obtained  in  various  dynamometer  car  tests. 

LEVEL  TANGENT,  GRADE  AND  CURVE  RESISTANCE 

OF  FREIGHT  CARS. 

14.  In  1907  a  few  tests  were  made  to  determine  the  resistance 
of  a  twenty-ton  car.  It  was  found  that  the  cars  used  in  these 
trials  showed  a  level  tangent  resistance  of  8  pounds  per  ton.  Since 
that  time,  however,  a  large  number  of  observations  made  in  ton¬ 
nage  rating  work  have  shown  that  7  pounds  per  ton  more  nearly 
represents  the  average  resistance  for  cars  of  this  weight. 

15.  In  the  spring  of  1907  an  extended  investigation  was  made 
on  the  Philadelphia  Division,  Low  Grade  Freight  Line,  to  deter¬ 
mine  the  resistance  of  100,000  pounds  capacity  loaded  freight  cars 
at  the  usual  operating  speeds  for  heavy  freight  trains.  The 
average  gross  weight  per  car  was  approximately  72  tons. 

16.  The  tests  were  made  over  the  25-mile  portion  of  the 
line,  lying  between  Columbia  and  0  Tower.  The  section  of  track 
for  which  the  resistance  was  computed  lies  on  a  0.3  per  cent, 
ascending  grade.  Over  this  section  there  are  several  long  portions 
of  tangent  track  and  compensated  curves  of  from  15  minutes  to  2 
degrees  in  curvature. 
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17.  Fifteen  trains,  made  up  of  37  to  56  loaded  steel  gondolas, 
were  tested.  The  trains  were  made  up  in  Enola  Yards,  a  point 
30  miles  west  of  Columbia.  The  river  grade  between  these  points 
permitted  an  average  running  speed  of  20  miles  per  hour  to  *be 
made  and  insured  the  car  journals  being  heated  up  to  an  average 
running  temperature  when  the  test  section  east  of  Columbia  was 
reached.  On  most  of  the  tests  there  was  little  or  no  wind  and  the 
prevailing  air  temperature  was  from  60  to  80  degrees  Fahr. 

18.  The  elevation  and  curvature  of  each  stretch  of  track 
was  known,  and  the  resistance  per  ton  of  train  hauled,  as  measured 
at  the  drawbar,  was  corrected  for  grade  to  obtain  the  level  tangent 
and  curve  resistance. 

Level  Tangent  Resistance. 

19.  The  table,  page  14,  summarizes  the  results  of  the  level 
track  resistance  on  the  seven  tangents  in  the  tests.  Tangents 
Nos.  3  and  7  come  after  the  stop  at  SF  and  Q  Towers,  respectively. 
Stops  of  from  10  to  30  minutes  were  made  at  these  towers  on  all 
the  test  runs,  and  some  of  the  runs  clearly  show  the  effect  of  the 
stop  in  an  increase  of  resistance  on  each  of  these  tangents.  Tests 
Nos.  100  and  110,  made  at  the  lowest  temperature,  show  a  large 
increase  in  resistance  due  to  this  cause. 

20.  From  the  tests  the  following  conclusions  were  drawn : 

(а)  The  level  tangent  resistance  of  freight  cars,  weighing, 
inclusive  of  lading,  72  tons,  when  run  at  low  speeds  ranges 
between  2J  and  4  pounds  per  ton. 

(б)  On  properly  maintained  track  the  average  value  of  3 
pounds  per  ton  for  the  total  level  tangent  resistance  may  be 
assigned  for  cars  weighing  70  tons. 

21.  The  values  of  resistance  per  ton  for  cars  of  intermediate 
weights  shown  in- Fig.  4- have  been  calculated  from  the  equation 
of  the  line  drawn  between  the  points  representing  the  total  car 
resistances  of  the  20-ton  and  70- ton  cars,  and  these  values  have 
been  closely  checked  in  tonnage  rating  work. 

22.  Dynamometer  car  tests  which  have  recently  been  made 
indicate  that  for  cars  weighing  considerable  in  excess  of  those  in 
usual  operation,  the  car  resistance  values  deviate  somewhat  from 
a  straight  line.  It  should  be  noted,  however,  that  there  are  but 
a  limited  number  of  cars  in  operation  on  our  lines  having  a  gross 
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Fig.  4. 

LEVEL  TANGENT  RESISTANCE  OF  FREIGHT  CARS. 

This  diagram  shows  the  resistance  per  car  and  per  ton  at  speeds  between  5  and  25  m.p.h.  This  data  was 

obtained  by  dynamometer  car  tests. 
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weight  in  excess  of  75  tons.  These  heavy  cars  are  operated  in 
trains  made  up  in  part  of  lighter  weight  cars,  which  materially  re¬ 
duces  for  a  given  train  the  average  car  weight,  and  therefore,  until 
the  heavily  loaded  cars  are  in  more  general  use,  our  present  method 
of  freight  train  loading,  which  is  discussed  in  the  part  following 
Par.  93,  and  which  is  based  on  the  assumption  that  the  resistances 
of  cars  of  various  weights  can  be  represented  by  a  straight  line, 
may  be  used  without  appreciable  error,  as  it  has  been  proven  that 
this  assumption  is  sufficiently  accurate  for  tonnage  rating  purposes. 

23.  Some  of  the  heavier  cars  which  are  coming  into  use  are 
carried  on  six- wheel  trucks,  and  an  investigation  of  the  resistance 
of  these  cars  has  been  made.  In  Fig.  4A  are  curves  showing  a 
relation  between  car  weight  and  the  resistance  of  six-wheel  and 
four-wheel  truck  freight  cars  of  large  capacity.  In  this  figure  the 
points  which  are  shown  are  designated  as  follows: 

N.  &  W.  Ry.  Class  Gka  Six-wheel  Truck  Cars. 

A — resistance  per  ton,  empty  cars. 

p «  «  «  « 

C —  “  “  ton,  loaded  “ 

D—  "  “  car,  « 

P.  R.  R.  Four-wheel  Truck  Cars. 


E — resistance  per  ton,  class  H21a, 

empty 

cars. 

F.„  « 

“  car, 

u  u 

u 

u 

G~ 

"  ton. 

«  H21, 

loaded 

u 

H—  “ 

“  car, 

u  u 

u 

u  . 

I—  “ 

"  ton. 

“  H21a, 

u 

u 

J-  “ 

"  car. 

u  u 

u 

u 

Miscellaneous  Four-wheel  Truck  Cars,  Phila.  Div.,  1907. 

K — resistance  per  ton,  loaded  cars. 

I  _  «  car,  "  “ 

The  curves  for  the  resistance  per  car  and  per  ton  for  six- 
wheel  truck  cars  are  based  on  the  average  value  of  7.27  pounds 
per  ton  for  the  empty  class  Gka  car  weighing  30  tons,  and  3.17 
pounds  per  ton  for  the  same  car  loaded  to  a  total  weight  of  121 
tons.  The  resistance  per  car  for  six-wheel  truck  cars  of  interme¬ 
diate  weights  has  been  assumed  to  follow  a  straight  line  and  the 
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corresponding  resistances  per  ton  have  been  calculated  from  it. 
This  latter  curve  has  been  extended  to  show  the  probable  resist¬ 
ance  of  six- wheel  truck  cars  weighing  from  121  tons  to  140  tons. 

24.  The  curves  of  the  four-wheel  truck  cars  which  have  been 
obtained  as  explained  in  Par.  21,  have  been  supplemented  by  the 
results  obtained  in  the  tests  mentioned  in  paragraphs  40  to  54. 
In  dotted  extensions  of  the  curves  have  been  shown  the  probable 
resistance  curves  for  four-wheel  truck  cars  weighing  from  98  to 
140  tons,  although  such  cars  have  not  yet  been  built  for  our  lines. 

25.  In  prolonging  these  curves  we  have  assumed  that  in¬ 
creasing  the  axle  loads  from  49,000  pounds  (98-ton  car)  to  70,000 
pounds  (140- ton  car)  will  not  cause  a  disproportionately  greater 
track  deflection  and  result  in  an  abnormal  increase  in  rolling  re¬ 
sistance,  and  on  this  assumption  the  curve  indicates  that  for  four- 
wheel  truck  cars  weighing  above  100  tons  the  resistance  per  ton 
will  be  practically  constant. 

26.  It  will  be  observed  that  the  resistance  curve  for  the  six- 
wheel  truck  cars  and  the  four-wheel  truck  cars  intersect  at  a  gross 
weight  of  car  of  approximately  140  tons.  For  cars  weighing  in 
excess  of  140  tons  the  indications  are  that  from  a  resistance  stand¬ 
point  the  six-wheel  truck  car  will  be  preferable  to  the  four-wheel 
truck  car. 

27.  On  the  contrary,  if  abnormal  track  conditions  are  intro¬ 
duced  by  increasing  the  axle  load  above  49,000  pounds,  then  the 
resistance  curve  for  cars  weighing  in  excess  of  98  tons  (axle  load 
49,000  pounds)  would  tend  to  rise  more  rapidly  than  is  shown  in 
the  figure.  If  the  dotted  extension  of  the  curves  for  the  six- wheel 
and  four-wheel  truck  cars  correctly  represent  the  resistance  which 
will  be  obtained  with  cars  of  heavier  weight  than  those  tested, 
then  it  appears  that  from  a  resistance  standpoint,  four-wheel 
truck  cars  are  preferable  to  six-wheel  truck  cars  when  the  gross 
weight  of  the  car  is  less  than  140  tons. 

Grade  Resistance. 

28.  The  resistance  due  to  an  ascending  grade  is  usually  a 
large  item  in  the  total  train  resistance,  but  as  it  is  dependent 
only  upon  the  weight  of  car  and  the  steepness  of  the  grade  or  the 
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Fig.  4A. 

RESISTANCE  OF  FREIGHT  CARS  ON  LEVEL  TANGENT. 

The  resistance  of  cars  up  to  121  tons  has  been  measured  and  the  curves  are  extended  to  include  the  probable 

resistance  of  cars  weighing  140  tons. 
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height  to  which  the  car  is  lifted  in  overcoming  the  grade,  it  is 
capable  of  exact  computation.  Without  giving  the  well-known 
derivation  of  the  formula,  we  have: 

r  =  20G 


where  r  =  resistance  due  to  grade  alone,  in  pounds  per  ton  (one 
ton  =  2000  lbs.)  G  =  grade  in  per  cent.  To  the  grade  resistance 
thus  computed  must  be  added  the  resistance  which  the  car  is  sub¬ 
jected  to  when  moving  on  level  track,  in  order  to  obtain  the  total 
resistance  at  speeds  below  25  m.p.h.  on  the  tangent  track  of  an 
ascending  grade.  For  example,  the  level  tangent  resistance  of  a 
car  weighing  70  tons  is  3  pounds  per  ton.  The  resistance  due  to 
grade  alone  is  20G  pounds  per  ton.  On  an  ascending"  grade  of 
0.5  per  cent,  the  total  resistance  will  be  13  pounds  per  ton. 

Curve  Resistance. 

29.  The  curve  resistance  of  loaded  freight  cars  was  obtained 
on  the  Low  Grade  tests  on  one  2°-0',  two  l°-0'  and  on  one  0°-15^ 
curves.  This  resistance  was  computed  for  two  cases,  as  follows : 

(a)  Train  on  the  curve  only. 

(b)  Train  passing  completely  over  the  curve. 

30.  In  the  first  case,  the  average  resistance  was  obtained 
during  the  time  that  the  entire  train  was  on  the  curve  and  after  all 
.the  trucks  had  become  adjusted  to  the  curvature.  From  the  re¬ 
sistance  thus  found,  the  resistance  due  to  the  grade  upon  the  ciuve 
was  deducted,  the  final  result  being  the  average  resistance  for  the 
le\^  curve  in  question.  The  degree  of  curvature  being  known, 
the  average  resistance  per  degree  of  level  curvature  was  obtained. 

31.  To  obtain  the  resistance  per  degree  of  curvature  for  a 
train  passing  completely  over  the  curve  the  process  is  more  involved 
and  is  based  upon  the  assumption  that  the  work  done  in  over¬ 
coming  resistances  on  entering  the  .curve  is  equal  to  the  work 
done  on  leaving  it.  In  this  case  the  resistance  is  measured  from 
the  point  where  the  locomotive  enters  the  ciu^e  to  the  point 
where  the  train  has  been  run  entirely  over  the  curve  and  fully  on 
to  the  next  tangent. 
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32.  If  the  curve  is  longer  than  the  train,  the  resistance  will 
increase  uniformly  from  the  time  the  head  end  of  the  train  enters 
the  curve  until  the  whole  train  is  on  the  curve,  and  will  thus  con¬ 
tinue  constant  until  the  head  end  of  the  train  leaves  the  curve  and 
then  decrease  uniformly  until  the  rear  end  of  the  train  clears  the 
curve. 

33.  If  the  curve  is  shorter  than  the  train,  the  resistance  will 
increase  uniformly  from  the  time  the  head  end  of  the  train  enters  the 
curve  until  the  head  end  of  the  train  clears  the  curve,  then  remain 
constant  until  the  rear  end  of  the  train  enters  the  curve.  There¬ 
after  the  resistance  will  decrease  uniformly  until  the  rear  end  of 
the  train  clears  the  curve. 

34.  The  following  table  shows  the  average  resistance,  in 
pounds  per  ton,  per  degree  of  level  curve  obtained  in  the  manner 
described : 


Resistance,  Pounds  per  Ton  per  Degree,  Levee  Cur^tj. 


Train  Passing  Completely  over  Curve 

Train  on  Curve  Only 

Curvature 

IN 

Deorkiss 

Resistance 

Corvaturb 

IN 

j  Degrees 

Resistance 

(Minimum  Average 

KUM  j  j 

Maxi-  , 

MUM 

Atbragh 

2°  0' 
r-0' 

l°-0' 

1.54 

0.98 

1.68 

0.76 

0.20 

0.47 

! 

1.01 

0.51 

0.89 

2^-0' 

1  0' 
r-0' 

0°-15' 

1.16 

1.22 

1.74 

1.32 

0.12 

0.42 

0.69 

0  08 

0.5S 

0.74 

1.13 

0.87 

Average.. 

0.80 

Average. . 

. 

— . 

0.83 

35.  From  this  table  it  will  be  seen  that  although  the  resistance 
on  the  2°-0'  curve  is  greater  when  the  train  passed  completely 
over  than  when  running  on  the  curve  only,  the  contrary  is  the 
case  on  the  1  °-0'  curve.  It  would  be  expected  that  the  force  re¬ 
quired  to  turn  the  trucks  on  entering  and  on  leaving  the  curve 
would  make  the  results  higher  for  the  train  passing  completely 
over  the  curve  than  for  the  curve  only. 
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36.  From  these  tests  the  following  conclusions  were  drawn: 

(а)  For  a  freight  car  weighing  72  tons,  inclusive  of  lading,  the 
resistance,  per  ton,  per  degree  of  level  curve,  may  be  as  low  as  0.10 
pounds  or  as  high  as  1.75  pounds. 

(б)  A  fair  average  for  curve  resistance  at  low  speeds  may  be 
taken  as  0.8  pounds  per  ton  per  degree  of  level  curve.* 

37.  The  level  tangent  and  curve  resistances  obtained  over  the 
various  sections  on  the  Low  Grade  Line  tests  are  shown  in  Fig.  5. 

Resistance  on  Humps. 

38.  In  the  fall  of  1906  some  tests  were  made  on  the  humps  at 
Enola  and  Hollidaysburg  Yards  to  determine  the  resistance  of  empty 
and  loaded  freight  cars  at  slow  speeds,  i.  e.,  one-half  to  two  miles 
per  hour.  The  number  of  tests  was  not  sufficient  to  arrive  at 
definite  conclusions,  but  the  indications  are  that  at  these  speeds 
the  resistance  of  an  empty  car  (20  tons  weight)  on  level  tangent 
track  is  30  pounds  per  ton,  and  for  a  loaded  car  (70  tons  weight) 
10  pounds  per  ton,  which  resistances  are  approximately  four  times 
the  level  track  resistance  as  shown  in  Fig.  4,  for  speeds  from 
5  to  25  miles  per  hour. 

39.  On  the  ascending  grade  of  a  hump  the  resistance  due  to 
grade  must  be  added  to  the  above  figures.  Thus  on  a  1.5  per 
cent,  grade  the  resistance  per  ton  for  the  empty  cars  would  be 
30+ (20X1.5)  =  60  pounds  and  for  the  loaded  cars  10+ (20X1.5) 
=  40  pounds. 

Resistance  Tests  op  Large  Capacity  Freight  Cars. 

40.  The  resistance  of  loaded  cars  having  a  gross  weight  of 
from  80  to  120  tons  as  referred  to  in  Pars.  23-27  was  deter¬ 
mined  in  a  series  of  dynamometer  car  tests  made  on  the  Middle 
Division  between  Petersburg  and  Harrisburg  in  1914  and  1915. 
In  these  tests  a  train  made  up  of  50  P.  R.  R.  class  H21  gondola 
cars,  loaded  with  coal  to  an  average  gross  weight  of  81  tons, 
a  train  of  50  P.  R.  R.  class  H21a  gondola  cars  having  an 
average  gross  weight  of  98  tons,  and  a  train  of  50  N.  &  W.  Ry. 
class  Gka  gondola  cars  each  having  a  gross  weight  of  121  tons, 
were  run  eastbound  and  westbound  over  the  Division,  three 

*  Thus  a  curve  of  one  degree  offers  the  same  resistance  as  a  grade  of  0.04  per  cent.,  a  curve 
of  two  degrees  the  same  as  a  grade  of  0.08  per  cent.,  etc. 
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Ffg.  6. 

LEVEL  CURVE  AND  TANGENT  RESISTANCE  OF  FREIGHT  CARS. 

These  data  were  obtained  from  trains  of  loaded  cars  of  an  average  weight  per  car  of  72  tons.  An  increase  in 
level  resistance  is  obtained  when  the  train  is  on  a  curve.  The  level  tangent  resistance  is  high  on  the  tangent 
stretches  beyond  SF  and  0  Towers,  showing  the  effect  of  a  stop  in  increasing  the  resistance.  Note  the  gradual 
increase  in  level  tangent  resistance  as  the  grade  is  ascended. 
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or  more  trips  being  made  in  each  direction  with  each  train,  and 
the  same  cars  used  throughout  the  tests  on  that  particular  class 
of  car.  All  of  the  cars  were  in  good  running  condition,  having 
been  in  service  for  a  considerable  length  of  time.  The  tempera¬ 
ture  during  these  tests  was  above  45  °  F. 

The  P.  R.  R.  classes  H21  and  H21a  cars  are  steel  self-clearing 
quadruple  hopper  cars  and  have  permissible  maximum  carrying 
capacities  of  121,000  and  154,000  pounds  respectively.  They  differ 
only  in  style  of  trucks;  the  H21  cars  having  four-wheel  Diamond 
trucks  with  33-inch  steel  wheels  and  5|  x  10  inch  journals,  and 
the  H21a  cars  having  four-wheel  trucks  with  cast-steel  side  frames, 
33-inch  steel  wheels  and  6^  x  11  inch  journals. 

41.  The  N.  &  W.  Ry.  class  Gka  cars  are  flat  bottom  .steel 
gondolas  which  have  a  maximum  carrying  capacity  of  198,000 
pounds.  These  cars  are  equipped  with  six-wheel  trucks  which 
have  5|  x  10  inch  journals  and  33-inch  steel  wheels. 

42.  The  resistance  of  these  trains  while  running  over  the 
division,  was  determined  upon  13  stretches  of  tangent  track,  each 
stretch  longer  than  the  test  train,  but  the  resistance  figures  were 
obtained  from  the  dynamometer  diagram  representing  lengths  of 
tracks  from  1200  to  2200  feet.  These  tangent  stretches  were  not 
located  on  level  track  and  it  was,  therefore,  necessary  to  make 
allowance  for  the  grade  condition  in  order  to  obtain  the  resistance 
on  level  tangent  track. 

43.  A  grade  correction  can  be  determined  if,  over  the  given 
stretch  of  track  there  is  a  uniform  rise  or  fall  in  grade,  but  over 
the  stretches  considered  in  these  tests  this  condition  did  not  exist 
and  consequently  the  influence  of  the  grade  in  increasing  or  de¬ 
creasing  the  resistance  of  the  train  could  not  be  computed  with 
exactness. 

44.  The  resistance  on  level  tangent  track  was  obtained  by 
taking  the  average  of  the  resistance  found  in  one  direction  and 
that  obtained  in  the  opposite  direction  over  the  same  stretch  of 
track,  so  that  the  increase  in  resistance  due  to  an  ascending  grade 
in  one  direction  was  offset  by  the  lower  resistance  of  the  train, 
due  to  the  descending  grade  in  the  opposite  direction. 

45.  As  far  as  practicable  during  each  test  the  speed  of  the 
train  over  the  Division  was  kept  at  between  10  and  15  miles  per 
hour,  in  order  that  the  car  journals  might  have  a  uniform  running 
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temperature.  The  heating  of  the  journals  depends  largely  upon 
the  time  the  train  has  been  in  motion  and  its  running  speed,  and 
allowances  were  made  for  the  variation  in  journal  temperature 
by  omitting  from  the  averages  the  tests  in  which  the  trains  were 
stopped  for  five  minutes  or  more  in  the  half  hour  preceding  the 
entrance  of  the  train  to  each  of  the  tangent  stretches,  and  also 
tests  in  which  the  average  speed  prior  to  entering  various  sections 
was  considerably  under  or  above  the  nominal  speed  of  the  tests. 
Even  after  consideration  had  been  given  to  these  factors,  there 
was  a  considerable  variation  in  the  results  of  the  tests  on  any  one 
type  of  car. 

Cars  Fully  Loaded. 

46.  The  maximum,  minimum  and  average  resistances  in 
pounds  per  ton  for  the  various  classes  of  gondola  cars  when  fully 
loaded  and  operating  on  level  tangent  track  at  a  speed  of  from 
•  10  to  15  miles  per  hour,  is  as  follows: 


Class  op  Cab 

Trucks 

Size  of 
Journals, 
Inches 

Average 

Per  Cab 

AND 

Lading 

Tons 

Weight 

Per 

Axle 

Lbs. 

Resistance,  Pounds 
Per  Ton 

Maxi¬ 

mum 

Minimum 

A  VER- 

AGE 

P.R.R.H21.. 

Four-wheel 

5^  bv  10 

81.11 

40,555 

3.55 

2.76 

3.13 

P.R.R.H21a 

Four-wheel 

6  by  11 

98.47 

49,235 

3.34 

2.77 

3.05 

N.  &  W.  Ry.  6ka. 

vSix- wheel-. 

5J  by  10 

121.12 

40,373 

3.36 

2.90 

3.17 

47.  An  interesting  illustration  of  the  variation  which  may  be 
found  in  the  resistance  of  freight  trains  in  regular  service,  is  given 
in  Fig.  5A.  The  data  was  obtained  on  the  tests  of  the  P.  R.  R. 
class  H21a  cars  fully  loaded.  In  this  figure  have  been  plotted 
the  average  resistance  in  pounds  per  ton  of  train  weight  for  the 
three  trains  when  operated  westbound  over  the  several  stretches 
of  tangent  track  and  the  resistance  over  the  same  stretches  of 
adjacent  track  when  the  trains  were  run  eastbound. 

48.  In  general  the  grades  were  ascending  westbound  and  the 
resistances  over  a  given  stretch  in  this  direction  were,  therefore, 
higher  than  in  the  opposite  direction. 

It  will  be  observed  that  negative  resistances  are  shown  for 
the  trains  when  run  eastbound  over  Sections  7,  10  and  13. 
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These  negative  resistances  were  due  to  the  comparatively 
heavy  descendmg  eastbound  grades  which  resulted  in  the  train 
pushing  the  locomotive.  The  opposite  effect  of  the  grade  is  shown 
by  the  higher  resistances  obtained  when  the  trains  were  run  west¬ 
bound. 

49.  The  average  of  the  resistances  obtained  in  the  eastbound 
and  westbound  tests  is  shown  in  heavy  lines  and  represents  the 
resistance  on  level  tangent  track,  its  maximum  value  in  the  case 
shown  was  3.34  pounds  per  ton  (Section  7)  and  the  minimum 
value  2.77  pounds  per  ton  (Section  12).  The  average  resistance 
over  all  sections  is  3.05  pounds  per  ton. 

Cars  with  Equal  Axle  Load. 

50.  The  resistance  of  the  same  train  of  class  H21a  cars  with 
the  load  in  the  cars  reduced  so  as  to  have  the  same  axle  load  as 
was  had  in  tests  of  the  class  H21  cars,  was  obtained  during  the 
trials  on  the  Middle  Division  with  the  following  results : 


C LASS  OF  Car 

Size  of 
Journals, 
Inches 

Average  Weight 

Resistance,  Pounds 
Per  Ton 

Per  Car 

AND 

Lading 

Tons 

Per 

Axle 

Lbs. 

Maxi¬ 

mum 

Minimum 

• 

Aver¬ 

age 

P.  R.  R.  H2] . 

by  10 
6  by  11 

81.11 

80.96 

40,555 

40,480 

3 . 55 
3.37 

2.76 

2.75 

3.13 

3.11 

P.  R.  R.  H21a— . . 

These  results  indicate  that  when  equally  loaded  there  is  little 
difference  between  the  resistances  offered  by  the  two  types  of  truck. 


Empty  Cars. 

51.  The  resistance  of  empty  cars  of  the  Gka  and  H21a  class 
was  also  obtained  in  the  tests  on  the  Middle  Division.  These 
results,  based  on  level  tangent  track,  are  as  follows : 


Class  of  Cars 

Light 

W  EIGHT, 

Tons 

Resistance,  Pounds  Per  Ton 

Maximum 

Minimum 

Average 

N.  &  W.  Ry.  Gka . . 

■  30.15 
25.40 

7.85 

6.01 

6.75 

4.11 

7.27 

5.04 

P.  R.  R.  H21a . 
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Fig.  5A. 


TRAIN  RESISTANCE  OVER  TYPICAL  TANGENT  STRETCHES. 

By  measuring  the  resistance  in  two  directions  and  averaging,  the  effect  of  grade  is  eliminated.  The  average 

level  tangent  resistance  is  close  to  three  pounds  per  ton. 
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52.  The  resistance  of  the  class  H21a  cars  (5.04  lbs.  per  ton) 
is  somewhat  lower  than  that  shown  in  Fig.  4  for  a  car  of  25  tons 
weight  (5.88  lbs.  per  ton).  The  class  H21a  cars  were  known  to 
be  in  good  running  condition  and  to  a  certain  extent  may  be  the 
cause  of  the  resistance  showing  lower  than  is  indicated  by  the 
curve  in  Fig.  4  which  curve  is  based  on  cars  in  average  service 
condition. 

53.  The  resistance  per  ton  of  the  class  Gka  cars  is  higher  than 
that  shown  in  Fig.  4  for  cars  of  equal  weight  and  may  be  due  to 
the  greater  number  of  axles  per  truck. 

RESISTANCE  OF  PASSENGER  CARS. 

54.  Considerable  data  pertaining  to  the  resistance  of  passen¬ 
ger  cars  has  been  accumulated  as  a  result  of  dynamometer  car 
tests.  This  data  shows  that  at  the  higher  speeds  at  which  these 
cars  operate,  the  combined  effect  of  the  journal  and  atmospheric  re¬ 
sistance  undergoes  a  considerable  increase  as  the  speed  is  increased. 

55.  The  journal  friction  is  at  its  maximum  at  starting  and 
reaches  its  minimum  value  at  from  25  to  30  miles  per  hour.  It 
is  then  constant  or  has  a  very  gradual  increase  as  the  speed  is 
increased. 

56.  The  effect  of  atmospheric  resistance  increasing  as  a 
function  of  the  speed  is  offset  at  the  lower  speeds  by  the  decreas¬ 
ing  journal  friction;  the  combined  effect  of  wind  and  journal 
friction  rapidly  increases  as  the  speed  is  increased  above  25  or 
30  miles  per  hour. 

Passenger  Equipment  Steeu  Cars. 

57.  There  have  been  plotted  in  Fig.  6  the  resistances  on  level 
tangent  track  at  speeds  from  30  to  75  miles  per  hour.  The  points 
were  obtained  with  regular  service  passenger  trains  on  the  well 
ballasted  track  of  the  New  York  Division. 

58.  The  trains  were  made  up  of  five  to  ten  steel  cars,  and 
included  from  one  to  four  Pullman  or  dining  cars,  having  six- wheel 
trucks.  The  remaining  cars  were  either  P-70  or  combined  cars 
having  four-wheel  trucks.  The  average  weight  of  the  cars  was 
65  tons,  which  weight  included  passengers  and  baggage. 
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59.  From  the  resistance  figures  obtained  on  the  various 
trains  no  consistently  greater  increase  in  resistance  was  found  for 
those  trains  having  the  greater  number  of  six- wheel  truck  cars. 
In  fact  some  10  car  trains  made  up  of  six  four-wheel  truck  cars  and 
four  six-wheel  truck  cars  showed  lower  resistance  figures  than  when 
composed  of  eight  four-wheel  truck  cars  and  two  six-wheel  truck 
cars.  From  the  analysis  of  these  and  other  tests  made  on  the  W. 
J.  &  S.  R.  R.  it  was  concluded  that  the  resistance  of  steel  pas¬ 
senger  cars  at  a  given  speed  is  a  function  of  the  weight  and  is  prac¬ 
tically  independent  of  the  arrangement  of  truck  wheels  and, 
therefore,  the  results  obtained  on  the  various  trains  in  which  the 
average  car  weight  was  the  same  have  been  plotted  against  the 
corresponding  speed  of  the  train  over  the  test  section. 

60.  The  curve  shown  in  Fig,  6  follows  the  formula 


^  100 
W 


-h  1.5  -h 


V(V-fl6) 

100\A\^ 


in  which 

R  ==  Resistance — Pounds  per  ton. 
V  =  Velocity — Miles  per  hour. 

W  =  Weight  of  car — ^Tons. 


61.  This  formula  has  been  taken  from  a  report  submitted  to 
the  Altoona  Railroad  Club  in  November,  1911,  and  with  the  proper 
values  of  car  weight  and  velocity  the  curve  in  Fig.  6  has  been 
drawn  to  show  how  the  actual  test  results  agree  with  this  formula. 

62.  The  overage  resistance  from  the  test  results  is  approxi¬ 
mately  85  per  cent,  of  that  shown  by  the  curve.  However,  in 
the  resistance  figures  obtained  from  the  formula  ample  provision 
is  made  in  the  locomotive  loading  for  adverse  conditions  of  cars, 
lubrication,  wind,  weather,  etc.,  and  therefore  the  curve  may  be 
considered  as  the  average  maximum  resistance. 


Comparative  Resistance — Four-Wheee  and  Six-Wheee 
Trucks  under  Steed  Cars. 

63.  In  November,  1910,  a  series  of  tests  was  conducted  on 
the  W.  J.  &  S.  R.  R.  to  determine  the  resistance  of  four-wheel 
truck  steel  passenger  cars  compared  with  steel  cars  ha\dng  six^ 
wheel  trucks. 
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Fig.  6. 

PASSENGER  CAR  RESISTANCE. 

This  diagram  shows  the  level  tangent  resistance  per  ton  for  steel  passenger  cars.  The  average  weight  per 
car  was  65  tons  and  is  approximately  equal  to  that  of  a  class  P-70  coach  with  passengers. 
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64.  Two  six-car  trains  were  tested.  One  train  was  composed 
of  P-70  passenger  steel  coaches  having  four-wheel  trucks  weighed 
354  tons  or  an  average  car  weight  of  59  tons.  The  other  train  was 
made  up  of  M-70  six- wheel  truck  postal  steel  cars.  The  weights 
of  the  car  bodies  of  the  M-70  cars  were  made  equal  to  those  of 
the  P-70  cars  by  loading.  The  weight  of  the  M-70  train  was  397 
tons  or  66  tons  per  car. 

65.  The  only  difference  between  the  weight  of  the  trains  was 
that  due  to  the  six- wheel  trucks  being  heavier  than  the  four- 
wheel  trucks.  Approximately  uniform  weather  conditions  pre¬ 
vailed  during  the  tests  of  both  trains. 

66.  The  resistance  was  obtained  over  stretches  of  tangent 
track  and  correction  for  grade  was  made  by  averaging  the  results 
of  northbound  and  southbound  tests  over  the  same  stretch  of 
track. 

67.  The  results  of  these  tests  are  shown  in  Fig.  7.  The 
maximum,  minimum  and  average  results  are  as  follows: 


Speed  in 

Miles  per  Hour 

Resistance,  Pounds  per  Ton  for  Cars  -with 

Six-Wheel  Trucks 

Four-Wheel  Trucks 

Max, 

Min. 

A  VO. 

Max. 

Min. 

Avo. 

34  to  36 . 

4.41 

4.09 

4.30 

35J  “  36i . 

6.10 

5.60 

5.80 

50*  “  50| . 

6.00 

5.75 

5.88 

511  "  53i . 

6.61 

6.02 

6.38 

60  “  64i . . . 

7.48 

7.05 

7.25 

62  "  67 . 

9.20 

8.40 

8.82 

68.  These  results  show  the  inconsistencies  which  may  arise 
in  passenger  train  resistance,  inasmuch  as  the  six-wheel  truck  cars 
do  not  show  a  higher  resistance  than  the  four-wheel  truck  cars. 
On  the  contrary,  due  to  the  heavier  trucks,  the  resistance  in  pounds 
per  ton  is  less  for  the  six-wheel  trucks  than  for  the  four-wheel 
truck  cars  at  all  speeds. 
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69.  In  general  it  may  be  said  that  for  all  practical  purposes 
there  is  little  difference  between  the  resistance  of  passenger  cars 
of  equal  weight  whether  carried  on  four  or  six-wheel  trucks.  The 
supposition  that  for  equal  car  weight  the  car  having  the  greater 
number  of  journals  should  have  the  greater  resistance  is  not  sus¬ 
tained  by  the  results  of  these  tests. 

Comparative  Resistance — Wooden  Cars  and  Steel  Cars. 

70.  In  Fig.  8  are  shown  the  results  of  tests  made  in  February, 
1912,  on  the  W.  J.  &  S.  R.  R.,  to  determine  the  comparaitive 
resistance  of  wooden  and  steel  passenger  equipment  cars. 

71.  Two  10-car  trains  were  tested,  one  of  steel  and  one  of 
wooden  cars.  Each  train  was  made  up  of  the  d>Tiamometer  car, 
two  baggage  cars,  three  coaches  and  four  Pullman  cars.  The 
steel  train  had  a  total  weight  of  627  tons  and  was  carried  on  48 
axles.  The  average  weight  per  car  was  62.7  tons.  The  wooden 
train  weighed  462  tons  and  was  carried  on  52  axles,  the  average 
weight  per  car  being  46.2  tons.  The  weather  conditions  prevailing 
during  the  tests  were  approximately  the  same  for  both  trains. 

72.  Two  round  trips  were  made  with  each  train  between 
Camden  and  Atlantic  City,  a  distance  of  60  miles,  one  trip  at  a 
nominal  speed  of  50  m.p.h.  and  one  at  65  m.p.h.  The  resistance 
was  computed  from  the  dynamometer  car  record  over  a  number 
of  two-mile  stretches  of  tangent  track.  A  correction  for  grade 
was  made  by  averaging  the  resistance  over  a  stretch  of  track 
northbound  with  that  shown  over  the  same  stretch  southbound. 

73.  The  full  line  curves  shown  in  Fig.  8,  representing  the 
resistance  in  these  tests,  are  somewhat  lower  than  they  would 
be  if  they  were  plotted  from  values  obtained  from  the  formula 
in  Par.  60. 

74.  If  these  tests  had  been  carried  on  over  an  extended  period 
of  time  with  different  conditions  of  cars,  weather,  etc.,  it  is  prob¬ 
able  that  the  average  results  would  fall  close  to  the  dotted  curves 
in  which  values  equal  to  85  per  cent,  of  those  shown  by  the 
formula  are  plotted. 

75.  The  maximum,  minimum  and  average  results  in  Fig.  8 
are  as  follows: 


Fig.  7. 

PASSENGER  CAR  RESISTANCE. 

Four-Wheel  vs.  Six-Wheal  Trucks. 

With  car  bodies  of  equal  weight  thero  is  little  difference  in  the  resistance  whether  carried 

on  four  or  six-wheel  trucks. 
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Resistance — Pounds  per  Ton. 


Nominal  Speed 

Miles  pbs  Houb 

Wooden  Cars, 

46  Tons  Each 

Steel  Cars, 

6.3  Tons  Each 

Lower  Resist¬ 
ance  FOR  Steel 
Cars  in  Per  Cent. 

1 

Max. 

6.87 

6.16 

10 

50 . \  Min. 

6.48 

5.71 

12 

1  Avg. 

0.62  , 

6.07 

8 

f  Max. 

10.39 

9.52 

8 

65 . ] 

Min. 

9.35 

8.83 

6 

i  Avg. 

10.07 

9.13 

9 

76.  A  consideration  of  the  relative  carrying  capacity  of  the 
two  trains  used  in  the  tests,  shows  that,  while  the  steel  train  was 
36  per  cent,  heavier  than  the  wooden  train,  it  could  have  carried 
27  per  cent,  more  passengers.  The  increase  in  carrying  capacity 
is  due  entirely  to  the  P-70  steel  coaches,  the  steel  Pullman  cars 
being  approximately  39  per  cent,  heavier  than  the  wooden  Pull¬ 
man  cars,  but  with  the  same  seating  capacity. 

77.  A  comparison  of  the  v/eight  and  seating  capacity  of  one 
of  the  latest  types  of  wooden  PK  coaches  and  a  steel  P-70  coach 
is  as  follows : 


. 

P-70  (Steel) 

Pk(Wooden) 

Steel  Cars 

Increase 
Per  Cent. 

Decrease 
Per  Cent. 

Light  weight,  pounds .  118,000 

Seating  capacity . .  88 

Light  weight  per  passenger, 

pounds. . !  1340 


90,000 

62 


31.1 

41.9 


1450 


7.6 


78.  These  tests  have  led  to  the  following  conclusions: 

(a)  On  the  basis  of  seating  capacity  the  P-70  steel  coach  has 
a  lower  resistance  than  the  PK  wooden  coach. 
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Wooden  vs.  Steel  Cars. 

The  steel  car  has  a  greater  resistance  duo  to  its  greater  weight. 
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(b)  Based  on  the  dotted  curves  (Fig.  8)  the  PK  wooden  coach 
has  18  per  cent,  greater  resistance  in  pounds  per  ton  than  the  P-70 
steel  coach. 

(c)  Steel  cars  have  a  greater  resistance  than  wooden  cars  of 
the  same  type  or  capacity,  due  solely  to  the  fact  that  the  steel 
cars  are  heavier,  that  is,  the  increase  in  resistance  is  a  function  of 
the  weight. 


Resistance  op  Axee  Generators. 

79.  No  definite  data  is  available  on  the  resistance  due  to  axle 
generators.  Although  it  is  assumed  that  the  operation  of  an  axle 
generator  does  increase  the  resistance  of  the  car,  it  has  been  ob¬ 
served  many  times  in  passenger  train  tests  that  with  other  con¬ 
ditions  as  nearly  alike  as  it  is  natural  to  find  them,  trains  made 
up  largely  of  axle  generator  cars  have  shown  a  lower  resistance 
than  trains  made  up  of  cars  not  so  equipped,  and  the  conclusion 
is  that  the  resistance  added  by  the  generator  is  slight  when  com¬ 
pared  with  the  other  resistances.  The  ordinary  variations  in  the 
latter  make  it  difficult  to  determine  with  any  degree  of  accuracy 
the  resistance  due  to  the  axle  generator. 


80.  At  speeds  of  about  15  m.p.h.  the  theoretical  resistance  of 

1330 

an  axle  generator  on  Pennsylvania  Railroad  cars  is  equal  to  — -  > 

1730 

and  for  Pullman  cars  is  equal  to  where  V  is  the  speed  in  miles 


per  hour.  Thus,  at  60  m.p.h.  the  axle  generator  resistance  on  a 
Pennsylvania  Railroad  car  will  be  22.2  pounds,  which  is  less  than 
5  per  cent,  of  the  total  car  resistance. 


Resistance — Scooping  Water. 

81.  The  average  resistances  in  scooping  water  from  a  track 
tank  at  various  speeds  are  shown  in  Fig.  9.  These  figures  were 
obtained  in  passenger  train  tests  on  the  Tines  West  in  1911  and 
show  a  considerable  variation  in  the  resistance  at  different  speeds, 
this  variation  being  due  principally  to  the  variation  in  the  con¬ 
dition  of  the  scoop  and  the  depth  of  immersion. 
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The  resistance  due  to  scooping  water  depends  on  the  condition  of  the  scoop  and  the  depth  of  immersion  as  well  as 

the  speed  of  the  locomotive. 
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82.  Fig.  10  shows  the  wave  motion  set  up  in  the  drawbar 
pull  with  a  long  train  when  scooping  water  at  high  speed.  In 
general,  this  wave  motion  is  more  pronounced  when  only  a  short 
portion  of  the  track  tank  is  scooped  as  in  the  case  shown,  the 
scooping  distance  on  this  test  being  about  800  feet. 

83.  On  this  test  the  drawbar  pull  or  train  resistance,  previous 
to  putting  the  scoop  in  the  trough  was  about  6000  pounds.  As 
soon  as  the  scoop  was  lowered  the  locomotive  and  tender  pushed 
back  against  the  train  and  overcame  not  only  the  train  resistance 
but  added  a  drawbar  push  of  4000  pounds.  The  total  resistance 
due  to  scooping  (10,400  pounds)  was  the  resistance  of  the  train 
added  to  the  drawbar  push  of  the  tender  during  the  time  of 
scooping.  The  speed  of  the  train  was  73  miles  per  hour. 

DRAWBAR  PULD— freight  LOCOMOTIVES. 

84.  Ihe  drawbar  pulls  at  various  speeds  for  the  different 
classes  of  freight  locomotives  are  shown  in  Fig.  11.  Each  of  these 
curves  represents  the  maximum  drawbar  pull  which  the  locomo¬ 
tive  can  continue  to  exert  within  the  capacity  of  the  boiler  to 
supply  steam. 

85.  The  curves  shown  are  based  on  actual  road  tests  and  are 
representative  of  the  drawbar  pull  of  the  given  classes  of  loco¬ 
motives  when  they  are  in  average  condition. 

86.  There  are  included  in  Fig.  1 1  curves  for  all  of  the  locomo¬ 
tives  now  in  general  use  on  our  lines  for  freight  service. 

The  class  Lis  has,  at  10  m.p.h.,  a  tractive  force  30  per  cent, 
greater  than  that  of  its  immediate  predecessor  the  class  H9s. 

87.  It  should  be  noted  that  the  curves  shown  in  Fig.  11  apply 
to  level  tangent  track.  When  operating  on  a  grade,  the  available 
drawbar  pull  of  the  locomotive  is  influenced  by  the  locomotive 
weight  and  the  curves  would  be  slightly  different  from  those  shown. 

88.  In  Fig.  12  are  shown  the  maximum  drawbar  pull  curves 
obtained  with  Mallet  locomotives  No.  3396,  class  HHls,  and  No. 
3397,  class  CCls.  For  comparison,  the  curves  for  classes  H9s 
consolidation  and  Lis  Mikado  type  locomotives  are  shown. 
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Fig.  10. 

DRAWBAR  PULL  WHEN  SCOOPING  WATER. 

A  pronounced  fluctuation  is  set  up  in  the  drawbar  pull  when  water  is  scooped  at  high  speed. 
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Fig.  11. 

PULL  SPEED  CURVES. 

FREIGHT  LOCOMOTIVES. 

At  10  m.p.h.  the  class  L1s  locomotives,  built  in  1914,  show  an  increase  in  the  drawbar  pull  of  204  per 
cent,  over  the  class  H3  locomotives,  built  in  1889. 
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Fig.  12. 


PULL  SPEED  CURVES. 

FREIGHT  LOCOMOTIVES. 

At  7  miles  per  hour  the  Mallet  locomotives  have  between  23  and  26  per  cent,  greater  drawbar  pull  than  the 
class  Lis  locomotives,  but  the  pull  of  the  mallets  falls  off  so  rapidly  that  at  a  speed  between  14  and  17  m.p.h.  it 
is  no  greater  than  that  of  the  class  Lis  Mikados. 
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LOADING  OF  FREIGHT  TRAINS— GENERAL. 


89.  There  have  been  in  use  at  various  times  four  general 
methods  of  train  loading,  and  these  are  as  follows: 

(a)  Car  loading. 


{^t))  dtraigiiL  LGnilS.gc  lOauiiLg. 

(c)  Drawbar  pull  loading. 

(d)  Adjusted  tonnage  loading. 

The  earliest  of  these  is  the  car  loading  method,  and  it 
consists  in  assigning  to  locomotives  of  a  certain  class  a  fixed 
number  of  cars,  regardless  of  the  weight  or  capacity  of  the  cars. 
This  method  would  be  entirely  satisfactory  if  all  cars  were  of  the 
same  size  and  weight.  When  a  more  efficient  means  of  train  loading 
was  sought,  straight  tonnage  loading  came  into  use.  This  method 
consists  in  assigning  to  each  class  of  locomotive  a  certain  gross 
weight  of  train,  regardless  of  the  size  and  weight  of  cars,  or  whether 
loaded,  partially  loaded,  or  empty.  Straight  tonnage  loading 
displaced  the  car  method,  as  it  had  certain  advantages,  and  it 
would  seem  that  locomotives  hauling  trains  of  equal  weight  would 
need  to  exert  equal  drawbar  pulls,  but  it  was  found  that  trains 
made  up  of  fully  loaded  large  cars  could  be  hauled  much  easier 
than  trains  made  up  of  the  same  weight  of  empty  cars  or  the  same 
weight  of  cars  of  small  capacity. 


90.  Fmther  modifications  of  train  loading  were  sought  to 
overcome  these  difficulties,  and  what  is  known  as  the  drawbar  pull 
method  was  introduced. 


91.  On  a  given  track  or  division  at  a  uniform  speed,  a  loco¬ 
motive  has  always  the  same  capacity  for  pulling,  or,  as  it  is  termed, 
the  same  drawbar  pull.  To  load  a  train  according  to  the  drawbar 
pull  method  it  is  necessary  to  know  the  resistance  of  each  weight 
of  car.  The  known  resistances  for  the  cars  are  added  up  until 
the  total  resistance  equals  the  locomotive  drawbar  pull.  This 
method  is  accurate  but  inconvenient  to  apply  and  there  appeared 
to  be  a  need  of  a  more  simple  method. 

92.  The  adjusted  tonnage  loading  of  trains  was  then  intro¬ 
duced  to  overcome  the  objection  to  the  drawbar  pull  method. 
As  adjusted  tonnage  loading  is  now  in  general  use  on  our  lines, 
it  will  be  described. 
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Description  op  Adjusted  Tonnage  Method  of  Loading 

Freight  Trains. 

93.  From  dynamometer  car  tests  on  a  large  number  of  divi¬ 
sions  and  on  cars  of  various  classes,  it  has  been  found  that  for 
speeds  from  5  to  25  miles  per  hour,  the  resistance  of  a  20-ton  car 
on  a  level  tangent  track  is  140  pounds,  or  seven  pounds  per  ton, 
and  for  a  70-ton  car  210  pounds  per  car,  or  three  pounds  per  ton. 
Thus,  although  the  70-ton  car  is  3.5  times  as  heavy  as  the  20-ton 
car,  the  resistance  of  the  former  is  only  1.5  times  greater. 

94.  This  comparatively  slight  increase  in  car  resistance  with 
the  large  increase  in  car  weight  is  the  factor  which  must  be  given 
consideration  in  order  to  obtain  equal  loading  of  locomotives  when 
the  trains  they  haul  range  between  all  loaded  and  all  empty  cars. 

95.  An  illustration  of  how  this  variation  in  resistance  with 
car  weight  may  influence  train  loading  is  as  follows:  Let  it  be 
assumed  that  a  locomotive  of  the  H6a  or  H6b  class,  which  has  a 
drawbar  pull  of  30,700  pounds  at  10  miles  per  hour  on  a  level 
track,  is  operated  on  a  0.3  per  cent,  non-momentum  grade  at  a 
speed  of  10  m.p.h.  The  pull  at  the  drawbar  will  be  reduced  by  the 
effect  of  grade  by  an  amount  equal  to  20  pounds  per  ton  of  loco¬ 
motive  weight,  for  each  one  per  cent,  ascending  grade,  or  approx¬ 
imately  a  total  of  1000  pounds,  and  therefore  the  available  draw¬ 
bar  pull  under  these  conditions  will  be  29, 700  pounds.  We  will  now 
consider  three  trains,  the  gross  weight  of  each  to  be  3000  tons  and 
the  three  trains  to  be  made  up  as  follows :  One  train  having  cars 
of  an  average  weight  of  20  tons,  one  train  of  cars  of  40  tons  and 
one  train  of  cars  of  70  tons. 


96.  The  resistances,  for  cars  of  these  weights,  are  as  follows: 


Weight  Per  Cab,  Tons 

Resistance  Per  Ton,  Pounds 

Dub  to  a  Grade 
OF  0.3  Per  Cent. 

On  Level 
Tangent 

Total 

20 

6 

7.0 

13 

40 

6 

4.2 

10.2 

70 

6 

3.0 

9.0 

40 


The  drawbar  pull  necessary  for  each  of  these  trains  is 
equal  to  the  gross  tonnage  multiplied  by  the  total  resistance  per 
ton,  or 

A  train  of  20- ton  cars  requires  3000X  13.0  or  39,000  Ibs.drawbar  pull. 
«  «  a  4Q  «  «  «  3000X10.2  "  30,600  «  «  « 

“  "  "  70  “  "  “  3000X  9.0  “  27,000  «  «  « 

The  train  made  up  of  20-ton  cars  would  require  a  drawbar  pull  that 
is  31  per  cent,  beyond  the  capacity  of  the  locomotive.  The  train 
of  40-ton  cars  would  be  3  per  cent,  beyond  its  capacity,  and  the 
train  of  70- ton  cars  would  be  an  underload  of  9.1  per  cent. 


97.  The  above  analysis  shows  that  to  obtain  equal  loading  of 
all  locomotives  of  a  class,  the  train  load  must  be  based  on  the 
resistance  of  the  various  cars  making  up  the  train,  which  resist¬ 
ance  should  equal  the  capacity  in  drawbar  pull  of  the  locomotive. 
Assuming  that  29,700  pounds  is  the  capacity  of  the  locomotive, 
the  gross  tonnage  of  each  of  the  above  trains  based  on  an  equal 
drawbar  pull  is  as  follows: 

29,700 


13 


=  2290  actual  tons. 


29,700 

10.2 

29,700 

9 


=  2910 


=  3300  " 


u 


u 


98.  From  the  above  it  is  apparent  that  if,  as  in  Par.  96,  the 
gross  tonnage  is  used  as  the  basis  of  train  loading,  there  will  be  an 
inequality  in  locomotive  performance,  and  if  the  loading  is  worked 
out  for  each  train  on  the  drawbar  pull  available,  as  in  Par.  97,  the 
method  of  loading  is  inconvenient  to  apply,  especially  when  trains 
are  made  up  of  cars  of  various  weights  as  is  most  frequently 
the  case.  It  is  therefore  desirable  to  rate  trains  so  that  an 
equality  of  drawbar  pull  is  obtained  on  all  trains,  regardless  of 
the  individual  weights  of  the  cars  making  up  the  train  and,  at  the 
same  time,  have  a  tonnage  figure  or  load  the  same  for  each  train 
on  a  division.  To  obtain  this  equal  loading,  the  actual  gross 
tonnage  is  replaced  by  an  “adjusted”  tonnage  to  which  all  trains 
are  loaded,  this  tonnage  being  such  that  the  resistance  or  drawbar 
pull  per  “adjusted”  ton  is  equal  for  all  trains  which  are  made  up 
to  be  hauled  by  locomoti\  es  of  a  given  class. 


41 


99.  To  obtain  an  adjusted  tonnage  which  will  satisfy  the  above 
requirements,  let  us  assume  that  a  constant  quantity  “K”  tons 
will  be  added  to  the  gross  weight  of  each  car.  This  quantity  “  K  ” 
will  be  called  the  adjustment  or  car  factor.  The  adjusted  tonnage 
for  each  of  the  cars  of  the  weight  assumed  in  Par.  96  will  be  20-|-K, 
40 +K  and  70 -fK.  It  follows  that  if  the  pull  per  “adjusted 
ton”  is  to  be  equal  for  various  actual  weights  of  cars 

140  _  168  _  210 
20-1- K  40+K  70+K 

in  which  140,  168  and  210  are  the  resistances  on  level  tangent 
track  for  cars  of  20,  40  and  70  tons,  respectively,  from  w^hich  K  =  80 
on  level  tangent  track.  However,  when  the  grade  and  curvature 
conditions  are  taken  into  account,  the  value  of  the  carfactor“K” 
is  affected  and  must  be  worked  out  on  each  division  for  the  ruling 
grade  or  point  on  the  line  having  the  maximum  resistance  and 
governing  the  train  load.  When  a  proper  value  is  obtained,  an 
“adjusted”  tonnage  can  be  established  which  will  satisfy  the 
operating  conditions  governing  the  division. 

100.  An  analysis  of  the  method  of  determining  the  value  of  K 
suitable  for  various  grades  is  as  follows : 

The  resistance  of  freight  cars  of  various  weights  on  a  level 
tangent  track,  as  obtained  in  dynamometer  car  tests,  is  as  shown 
in  Fig.  4.  The  curve  shows  the  resistance  in  pounds  per  car. 

101.  The  equation  of  this  straight  line  is 

R=fo  w+c . , . (1) 

and  this  is  the  fundamental  equation  in  tonnage  rating. 

The  characters  in  this  and  the  following  equations  are : 

R  =  Total  resistance  of  one  car  on  a  level  tangent  track  in 
pounds. 

Rg  =  Total  resistance  of  one  car  on  a  grade  of  g  per  cent,  in 
pounds. 

w  =  Weight  of  one  car  in  tons  (2000  pounds). 

W  =  Gross  weight  of  train,  excluding  locomotive  and  tender, 
in  tons. 

K  =  Car  factor  or  adjustment  factor. 

N  =  Number  of  cars  in  train. 

g  =  Grade  in  per  cent. 
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fo  =  A  factor  which  has  been  found  to  be  1.4  on  level  tangent 
track.  It  includes  the  factors  which  are  proportional  to  the 
weight  of  the  car  such  as  journal  friction. 

f  =  A  factot  which  depends  on  the  grade  and  equals  1.4-{-20g. 
It  represents  the  pounds  drawbar  pull  per  adjusted  ton  on  a  grade 
of  g  per  cent. 

c  =  A  factor  which  depends  on  the  value  of  f  and  K.  On  level 
tangent  track  it  has  been  found  to  have  a  value  of  112  (Fig.  4). 
On  a  grade  the  value  of  c,  which  includes  the  factors  not  appre¬ 
ciably  affected  by  the  weight  of  the  car,  such  as  flange  friction, 
may  vary  somewhat,  and  the  correct  value  can  only  be  determined 
by  actual  tests. 

102.  The  total  resistance  per  car  on  a  grade  is  equal  to  the 
level  resistance  plus  20  times  the  grade  in  per  cent.'  times  the 
weight  of  the  car  in  tons  or 

Rg  =  fo  w+cd-20  gw=w  (fo+20  g)--|-c. 

,  Letting  fo+20  g=f,  we  have 

Rg  =  f  w+c . (2) 

Consider  two  trains  as  follows : 


First  Train, 

Second  Train. 

Number  of  cars . 

N 

Ni 

Weight  per  car  (tons) . 

w 

Wi 

Gross  weight  of  train  (tons)... 

....  W 

Wi 

Adjusted  tonnage . 

...  Wt 

Wti 

Assume  that  the  first  train  has  a  small  number  of  loaded  cars 
and  the  second  train  a  large  number  of  empty  or  lightly  loaded  cars, 
and  in  each  case  the  drawbar  pull  and  total  adjusted  tonnage  are 
equal,  so  that 

Wt  =  W4-KN  =  Wti  =  Wi+KNi 
W+KN  =  WiH-KNi 
W— Wi-K(Ni— N) 


W— Wi 
Ni— N 


In  equation  (2)  Rg=fw4-c 
from  which  we  have 

RgN  =  (fw-fc)N 
Rg  Ni=(fwi-fc)  Ni 

RN  and  RNi  being  the  drawbar  pulls  of  the  two  trains  and 
assumed  equal  as  stated  above. 
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Therefore : 

fwN+cN  =  fwiNi+cNi 
f  (wN— wi  Ni)=c  (N,— N) 
c_  wN — ^wi  Ni 
f  “  Ni— N 


But, 

wN  —  W  —  Gross  weight  of  first  train  (tons) 
wiN  1  =  Wi  =  Gross  weight  of  second  train  (tons) 


^  c  W — Wi 

Therefore :  -j = . 

f  Ni — N 

. (4) 

From  (3)  and  (4) 

c  w — w, 

Car  factor  =  K  =  y  =  -rr — — . . 

f  Ni — N 

. (5) 

103.  In  order  to  determine  the  values  of  c  and  f  for  any  par¬ 
ticular  grade,  dynamometer  car  tests  are  made  with  trains  of  dif¬ 
ferent  average  weights  per  car,  i.  e.,  trains  of  empty  or  lightly 
loaded  cars  and  trains  made  up  of  fully- loaded  cars.  The  tonnage 
hauled  on  the  tests  is  such  that  when  the  locomotive  is  worked 
to  the  limit  of  its  capacity,  the  speed  over  the  ruling  grade  is 
approximately  that  desired  for  operation  in  regular  service. 

104.  The  average  drawbar  pull  as  shown  by  the  dynamometer 
record  on  the  ruling  grade  is  corrected  for  acceleration  or  retarda¬ 
tion,  the  result  being  the  average  train  resistance  at  constant 
speed  on  the  grade. 

1 05.  This  train  resistance  when  divided  by  the  number  of  cars 
gives  the  average  pull  per  car,  which  pull  is  plotted  against  the 
average  weight  per  car  of  the  train  in  question.  (Fig.  13.) 

1 06.  Through  the  mean  of  the  points  thus  determined  a  straight 
line  is  drawn.  This  line  may  be  represented  by  the  equation 
Rg  =  f  w-hc,  in  which  Rg  equals  the  resistance  in  pounds  per  car,  w 
is  the  weight  of  the  car  in  tons,  c  is  the  intercept  on  the  y-axis 

(qrco _ 1 12\ 

— ^  =  112  from  which  the 

Q 

car  factor  K  =  y  =  10  or  its  value  may  be  read  direct  from  the 
intercept  on  the  x-axis  to  the  right  of  the  origin. 
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Fig.  13. 

ADJUSTED  TONNAGE  AND  CAR  FACTOR. 

This  diagram  shows  the  usual  method  of  plotting  results  of  dynamometer  car  tests  over  a  ruling  grade.  The 
Poll  per  adjusted  ton  is  the  tangent  of  the  angle  which  the  resistance  line  makes  with  the  base  line;  in  the  case 
shown  this  is  11.2. 


45 


107.  This  method  of  determining  the  car  factor  can  be  applied 
to  any  grade  condition  and  its  value  for  any  particular  grade  is 
taken  the  same  for  all  classes  of  locomotives.  Although  special 
grade  conditions  may  arise  in  which  the  car  factor  for  trains 
hauled  by  locomotives  having  comparatively  low  drawbar  pull 
may  be  different  from  that  which  would  be  found  for  long  trains 
hauled  by  two  or  more  locomotives  of  the  same  class  or  by  loco¬ 
motives  of  the  Mallet  type. 

108.  An  illustration  of  this  may  be  seen  when  we  assume  two 
trains  of  which  the  average  weights  per  car  are  equal;  one  train 
is  composed  of  30  cars  and  is  1200  feet  long,  the  other  train  is 
composed  of  50  cars  and  is  2000  feet  long.  If  now  the  length  of  the 
ruling  grade  is  between  1200  and  2000  feet  long,  the  average  pull 
per  car  for  the  two  trains  will  not  be  equal.  This  will  be  espe¬ 
cially  noticeable  if  the  grade  approaching  the  ruling  grade  is 
descending,  whereupon  a  part  of  the  long  train  will  lie  on  the 
ruling  grade  and  the  remainder  of  the  train  on  the  approaching 
descending  grade.  It  is  evident  that  the  average  drawbar  pull 
per  car  in  the  long  train  will  be  less  than  for  the  short  train,  and 
that  the  car  factor  obtained  on  grades  of  this  character  will 
depend  on  the  class  of  locomotive  used.  In  some  instances  it 
will  be  found  that  a  short  grade  of  this  kind  is  the  ruling  point  for 
short  trains,  while  another  grade  or  a  curve  on  the  division  is  the 
ruling  point  for  long  trains.  The  cases  cited  are  uncommon  and 
the  determination  of  a  suitable  car  factor  for  them  must  be  given 
especial  study. 

109.  For  general  practice,  the  value  of  the  car  factor  will  not  , 
be  appreciably  affected  by  the  length  of  train  hauled. 

1 1 0.  The  value  of  f,  obtained  as  explained  in  Pars.  102  and  106, 
is  the  pull  per  adjusted  ton  on  the  grade.  If  now  it  is  desired  to 
find  the  total  adjusted  tonnage  which  can  be  hauled  by  locomo¬ 
tives  of  a  given. class  at  a  specified  speed  over  the  grade,  the  draw¬ 
bar  pull  of  the  locomotive  at  that  speed  on  level  tangent  track 
must  be  corrected  for  the  effect  of  raising  the  locomotive  up  the 
grade  and  the  drawbar  pull  thus  available  on  the  grade  should  be 
divided  by  the  pull  per  adjusted  ton.  This  grade  correction  is 
equal  to  20  pounds  per  ton  of  locomotive  and  tender  weight  per 
one  per  cent,  grade,  thus  the  pull  of  a  class  H6a  or  H6b  locomotive 
on  level  tangent  track  at  10  miles  per  hour  is  30,700  pounds,  if  this 
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locomotive  is  working  on  a  grade  of  one  per  cent.,  the  available 
pull  is  30,700 — 20  X  1  per  cent.  X  weight  of  locomotive  and  ten¬ 
der,  or  approximately  27,300  pounds,  the  average  weight  of  the 
locomotive  and  tender  in  this  case  being  taken  as  170  tons. 


Method  for  Approximate  Ratings  by  Caecueation. 


111.  On  those  divisions  where  no  tests  have  been  made,  the 
resistance  per  car  on  the  ruling  grade  is  calculated  from  the  level 
tangent  resistance,  correction  being  made  for  the  grade  and 
alignment  as  shown  by  the  track  profile.  The  car  factor  and  pull 
per  adjusted  ton  is  obtained  from  the  plotted  calculated  results 
and  the  total  adjusted  tonnage  for  the  various  classes  of  locomo¬ 
tives  is  derived  as  explained  in  Par.  110.  Another  and  shorter 
method  of  obtaining  the  same  approximate  results  is  as  follows : 

1 12.  Suppose  it  is  desired  to  know  the  adjusted  tonnage  which 
can  be  hauled  by  a  class  H6a  or  H6b  locomotive  up  a  one  per  cent, 
grade  at  a  speed  of  10  miles  per  hour.  The  available  drawbar  pull 
of  the  locomotive  on  the  grade  at  10  miles  per  hour,  as  explained 
in  Par.  110,  is  27,300  pounds. 

1 13.  The  required  pull  per  adjusted  ton  on  the  grade  is  f  = 
1.4  -{■  20  g  =  21.4  pounds. 


1 14.  The  total  adjusted  tonnage  is  then  obtained  by  dividing 
the  available  drawbar  pull  on  the  grade  (27,300  pounds)  by  the 
pull  per  adjusted  ton  (21.4  pounds)  which  gives  1276  adjusted 


tons. 


The  car  factor  K  is  equal  to 


c_  112 
f  21.4 


=  5.2. 


115.  For  convenience  in  using  the  results,  the  car  factor  may 
be  taken  as  the  whole  number  five  and  the  adjusted  tonnage  1276 
tons  without  appreciable  error.  A  train  of  this  adjusted  tonnage 


would  be  made  up  of 


1276 

70+5 


17  loaded  cars  of  70  tons  each,  or 


1276 

- - =  51  empty  cars  of  the  same  class  of  20  tons  each.  Ton- 

20+5  ^ 


nages  calculated  in  this  way  are  but  approximately  correct 
inasmuch  as  local  grade  conditions  may  show  the  values  of  c  and 
f  to  differ  from  the  theoretical  figures.  It  has  also  been  assumed 
that  the  speed  of  approach  to  the  foot  of  the  grade  and  the 
speed  on  leaving  the  grade  is  the  same,  i.  e.,  10  miles  per  hour. 
In  actual  operation  this  condition  seldom  obtains,  as  most  grades 
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are  approached  at  a  higher  speed  than  is  maintained  on  the 
grade.  This  condition  must  be  given  consideration  in  calculating 
tonnages,  especially  on  short  steep  grades  where  the  foot  of  the 
grade  is  reached  at  a  comparatively  high  speed,  which  speed 
gradually  decreases  as  the  top  of  the  grade  is  approached. 
Grades  operated  in  this  manner  are  known  as  momentum  grades, 
over  which  much  greater  tonnages  can  be  hauled  than  is  possible 
where  the  speed  is  constant  throughout  the  length  of  the  grade. 
As  a  rule,  however,  no  consideration  need  be  given  to  the  assist¬ 
ance  which  the  locomotive  receives  from  the  drop  in  train  speed 
when  passing  over  grades  of  this  character  over  4000  feet  in 
length ;  or  when  the  speed  of  approach  is  15  m.p.h.  or  less  and 
the  leaving  speed  eight  miles  per  hour  or  more.  In  these  cases 
the  value  of  this  momentum  is  slight  and  may  be  offset  by  the 
ordinary  variation  in  pulling  power  of  locomotives  of  the  same 
class. 

116.  To  illustrate  the  method  of  working  out  the  adjusted 
tonnage  when  consideration  is  given  to  the  momentum  lost  due  to 
grade,  suppose  it  is  desired  to  know  the  number  of  adjusted  tons 
which  can  be  hauled  by  a  class  H6a  or  H6b  locomotive  on  a  one 
per  cent,  grade,  3000  feet  long.  Let  it  be  assumed  that  the  speed 
at  the  foot  of  the  grade  will  be  20  miles  per  hour  and  the  speed 
at  the  top  of  the  grade  eight  miles  per  hour.  This  assumption  pre¬ 
cludes  the  possibility  of  a  stop  at  or  near  the  foot  of  grade  on 
account  of  grade  crossing,  water  tank,  etc. 

1 1 7.  The  energy  made  available  by  the  decrease  in  speed  of 
the  train,  and  expressed  as  a  decrease  in  train  resistance,  may  be 
computed  from  the  formula 


^,70  (Vi^-V2^) 

D 

in  which 

A  =  Decrease  in  resistance  in  pounds  per  ton. 

Vi  =  Speed  in  miles  per  hour  at  foot  of  grade. 

Vj=  “  «  u  U  u  u  «  « 

D  =  Length  of  grade  in  feet. 

70=  Constant  which  includes  5  per  cent,  for  rotative  inertia 
of  the  car  wheels. 

Substituting  the  assumed  values. 

70  (202—82) 


A  = 


3000 


=  7.84  pounds  per  ton. 
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1 1 8.  This  value  of  A  will  be  deducted  from  the  resistance  on 
the  grade  at  constant  speed  obtaining  as  the  resistance  of.  the 
20- ton  cars,  27 — 7.84=19.16  pounds  per  ton  or  383  pounds 
per  car;  and  for  the  70-ton  cars,  23 — 7.84=15.16  pounds  per  ton 
or  1061  pounds  per  car. 

119.  These  values  of  the  resistance  per  car  will  then  be  plotted 
against  the  average  car  weight  and  the  car  factor  (8)  and  pull  per 
adjusted  ton  (13.5)  obtained  as  explained  in  Par.  106. 

120.  In  the  foregoing  it  has  been  assumed  that  the  speed  of 
the  locomotive  at  the  foot  of  the  grade  is  20  miles  per  hour,  de¬ 
creasing  to  eight  miles  per  hour  at  the  summit.  Accordingly,  the 
drawbar  pull  of  the  locomotive  at  the  foot  of  the  grade  will  be 
comparatively  low,  gradually  increasing,  the  speed  of  the  locomo¬ 
tive  decreasing  as  the  grade  is  ascended.  The  average  value  of 
the  drawbar  pull  as  the  grade  is  ascended  should  be  known  in  order 
to  determine  the  adjusted  tonnage  which  can  be  hauled,  the  puU 
per  adjusted  ton  being  known  from  the  plotted  results  (f=13.5). 

121.  It  may  be  assumed  without  appreciable  error  that  the 
average  speed  ascending  the  grade  will  be  approximately^the  aver¬ 
age  of  the  entering  and  leaving  speeds,  or  from  12  to  14  miles  per 
hour. 

122.  The  level  drawbar  pull  of  a  class  H6a  or  H6b  locomotive  at 
a  speed  of  12  miles  per  hour  is  27,800  pounds,  deducting  3400  pounds 
for  the  effect  of  the  grade  on  the  locomotive  drawbar  pull  leaves 
available  24,400  pounds  for  overcoming  the  resistance  of  the  train. 
The  adjusted  tonnage  which  can  be  hauled  will  therefore  be 
24  400 

— “-^=  1810  tons  with  a  car  factor  of  eight, 
lo.o 

123.  No  arbitrary  rule  can  be  set  up  to  govern  the  speed 
which  tonnage  trains  should  have  over  the  ruling  grade.  It  is 
evident  that  a  train  which  passes  over  the  ruling  grade  at  a  speed 
of  eight  miles  per  hour  will  consume  more  time  in  passing  over  the 
balance  of  the  division  than  one  whose  speed  on  the  ruling  grade 
is  10  to  12  miles  per  hour,  which  train  can,  on  account  of  lighter 
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tonnage,  make  better  meeting  points  and  lose  less  time  in  acceler¬ 
ating  the  train  after  stops  at  water  tanks,  sidings,  etc.  Local 
operating  conditions,  largely  determine  the  speed  for  which  the 
rating  should  be  set. 

124.  It  may  be  found  on  some  divisions  on  which  there  are 
numerous  curves  that  although  the  car  factor  and  adjusted  tonnage 
chosen  give  equal  loading  for  all  locomotives  on  the  ruling  grade, 
the  average  drawbar  pull  of  long  trains,  made  up  of  lighter  weight 
cars  on  the  balance  of  the  division,  is  much  in  excess  of  that  ob¬ 
tained  with  the  same  adjusted  tonnage  hauled  in  short  trains  of  a 
heavier  average  weight  per  car.  In  this  case  the  train  of  light 
weight  cars  would  consume  a  much  longer  time  in  covering  the 
balance  of  the  division  than  the  train  of  heavy  cars,  and,  therefore, 
the  proper  car  factor  to  choose  would  be  based  on  the  resistance 
obtained  over  a  long  portion  of  the  division,  10  to  30  miles  in  length, 
rather  than  that  shown  for  the  ruling  grade.  If  the  car  factor  is 
determined  by  this  condition,  the  rating  may  be  set  so  that  the 
desired  time  over  the  division  will  not  be  excessive  for  the  long 
trains. 

125.  From  the  foregoing  it  will  be  seen  that  to  establish  a 
proper  rating,  due  consideration  must  be  given  to  all  the  factors 
which  may  exist  on  an  entire  division  as  well  as  on  that  portion 
of  the  division  which  determines  the  maximum  train  load. 


Car  Factor  and  Pull  per  Adjusted  Ton  on  Various  Grades. 

126.  The  table  on  the  following  page  shows  the  approximate 
car  factor  and  resistance  or  pull  per  adjusted  ton  on  non-momen¬ 
tum  ascending  grades  of  different  percentages.  These  values  are 
deduced  from  equations  2  and  5,  Par.  102,  in  which  the  value  of  c 
is  taken  as  112. 

It  should  be  noted  that  the  values  are  approximate  only  and 
may  be  materially  different  if  actual  tests  are  made  on  the  grade 
in  question.  However,  in  the  absence  of  test  results,  the  above 
values  may  be  used,  and  having  the  drawbar  pull  of  the  locomotive 
at  the  speed  it  is  desired  to  operate  on  the  grade,  the  total  adjusted 
tonnage  may  be  computed  with  reasonable  accuracy. 
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Grade  in  Per  Cent,  (g) 

Pull  per  Adjusted  Ton  (f) 

Car  Factor  (K) 

Level 

1.4 

80 

0.05 

2.4 

46.6 

0.10 

3.4 

33.0 

0.20 

5.4 

20.7 

0.30 

7.4 

15.1 

0.40 

9.4 

11.9 

0.50 

11.4 

9.8 

0.60 

13.4 

8.3 

0.70 

15.4 

7.3 

0.80 

17.4 

6.4 

0.90 

19.4 

5.8 

1.00 

21.4 

5.2 

1.10 

23.4 

4.8 

1.20 

25.4 

4.4 

1.30 

27.4 

4.1 

1.40 

29.4 

3.8 

1.50 

31.4 

3.55 

1.60 

33.4 

3.35 

1.70 

35.4 

3.16 

1.80 

37.4 

3.00 

1.90 

39.4 

2.84 

2.00 

41.4 

2.70 

2.20 

45.4 

2.47 

2.40 

49.4 

2.27 

2.60 

53.4 

2.10 

127.  In  Figs.  14,  14-A  and  14-B  have  been  plotted  the  ratings 
which  were  established  by  dynamometer  tests  on  the  ruling  grades 
of  the  various  divisions  of- the  Lines  East  of  Pittsburgh.  The  pull 
per  adjusted  ton  that  was  obtained  in  these  tests  is  plotted  accord¬ 
ing  to  the  adjusted  tonnage  rating  which  was  determined  as  proper 
for  class  H6a  or  H6b  locomotives. 


128.  The  curved  line  in  the  figures  represents  the  calculated 
adjusted  tonnage  rating  at  a  speed  of  10  m.p.h.  for  various  pulls 
per  adjusted  ton. 
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Fig.  14. 

ADJUSTED  TONNAGE  RATINGS. 

The  tonnage  rating  and  car  factor  for  H6a  or  H6b  locomotives  are  shown  for  12  Penna.  R.  R. 
divisions.  Figs.  14A  and  14B  are  continuations  of  these  curves. 


52 


;^HTfH?|rHiER;« 


•I 


■iw  i- 


;4O^USTEi0 


Sheet  No . IQ  54,6. 


TEST  DEPARTMENT 


TR  *  J.  N  RE.S  I  3  T  *  N  C  E  AND  TO  N  N  A  ge  ...R  .41  JJ«  C  . .  ALTOONA,  Pa  1t-l  1-191  5 


M.  P.  <79  D 


8  X 


11  89-13 


Pennsylvania  Railroad  Company 

PniLArri,pni.».  Baltimobb  &  WAfuixoTOM  Railboad  CoMrAMT 
Nobtuxbn  Central  Rail* at  Comj’akt 

WZET  jKUiiKT  A  bEASHOitS  KaILKOAD  COKPAST 


Fig.  14A  (continuation  of  Fig.  14) 

ADJUSTED  TONNAGE  RATINGS. 
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Fig.  143  (continuation  of  Fig.  14A) 

ADJUSTED  TONNAGE  RATINGS. 
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129.  The  variations  of  the  points  from  the  cur\^e  are  caused 
by  certain  operating  conditions  peculiar  to  the  different  grades, 
such  as :  the  average  speed  on  the  grade  was  higher  or  lower  than 
that  upon  which  the  curve  is  based;  momentum  operation  of 
trains;  ruling  grade  extremely  long  and  allowance  made  for 
decreased  locomotive  efficiency.  The  grades  corresponding  to 
given  pulls  per  adjusted  ton  are  represented  by  a  straight  line. 


130.  The  adjusted  tonnage  that  can  be  handled  by  class  H6a 
or  H6b  locomotive  at  a  speed  of  10  m.p.h.  can  be  read  from  the 
diagrams  as  follows: 

It  will  be  assumed  that  the  grade  is  1.2  per  cent,  and  for  this 
condition  the  pull  per  adjusted  ton,  read  on  the  bottom  scale,  is 
25.5  pounds.  Fig.  14-A.  The  corresponding  adjusted  tonnage  is 
read  on  the  scale  to  the  left  and  is  1050.  The  car  factor  is  4. 


Method  of  Approximate  Ratings  by  Tests  Without 
THE  Aid  of  a  Dynamometer  Car. 

131.  When  a  dynamometer  car  is  not  available  to  ascertain 
the  actual  hauling  force  of  the  locomotive  and  the  resistance  of 
the  train,  an  approximate  method  may  be  used  to  determine  the 
adjustment  or  car  factor  for  loading  trains  and  the  maximum 
adjusted  tonnage  which  a  given  locomotive  may  be  capable  of 
hauling. 

132.  This  method  necessitates  the  running  of  a  number  of 
test  trains  over  the  division  or  ruling  section  for  which  the  tonnage 
basis  is  to  be  determined.  These  test  trains  may,  for  example,  be 
composed,  first  of  140,000  pounds  capacity  cars,  and  second,  of 
lighter  weight  cars  such  as  80,000  pounds  capacity  cars. 


133.  These  two  series  of  trains  represent  respectively  the 
maximum  weights  of  the  shortest  and  longest  trains  which  can 
be  hauled  by  a  given  locomotive  over  the  ruling  point  at  a  speed 
most  suitable  for  the  efficient  operation  of  the  road. 
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134.  Having  run  several  test  trains  of  each  make-up,  the 
adjustment  factor  may  be  found  as  graphically  shown  in  Fig.  15 
where  for  each  train  the  number  of  cars  is  plotted  as  abscissae  with 
the  total  gross  tons  hauled  as  ordinates.  Each  point  thus  plotted 
represents  the  make-up  of  a  test  train,  as  given  in  the  following 
table  and  the  straight  line  drawn  through  the  plotted  points  is  the 
basis  for  determining  the  actual  adjustment  factor  per  car. 

Data  Necessary  for  Approximate  Tonnage  Rating. 


Test 

No. 

Locomotive  Class 

Kind  of 
Cars 

No.  OP 
Cabs 

Weight  of  Train, 
Tons 

Speed 

M.P.H. 

Gross 

Adjusted 
/'Factor\ 
V  K=7  ) 

Over 

Drv. 

Over 

Ruling 

Point 

3 

H6a 

s 

14 

988 

1086 

8.5 

6.6 

5 

H6a 

s 

14 

987 

1085 

8.6 

4.0 

7  ■ 

H6a 

s 

14 

981 

1079 

9.0 

2.6 

43 

H6a 

s 

14 

1016 

1114 

10.6 

6.0 

45 

H6a 

s 

14 

1013 

nil 

9.1 

4.5 

47 

H6a 

s 

14 

998 

1096 

9.9 

5.0 

9 

H6b 

L 

22 

952 

1106 

9.6 

3.3 

11 

H6a 

L 

22 

932 

1086 

9.4 

1.3 

53 

H6a 

L 

23 

947 

1108 

8.4 

4.0 

57 

H6a 

L 

22 

944 

1098 

8.3 

4.0 

59 

H6a 

Iv 

23 

927 

1088 

9.4 

1.0 

61 

H6a 

L 

23 

941 

1102 

8.1 

2.0 

Note. — Train  S  composed  of  100,000  lbs.  capacity  hopper 
and  gondola  cars.  Train  L  composed  of  50,000  lbs.  and  60,000 
lbs.  capacity  hopper  and  gondola  cars.  Grade  at  ruling  point, 
1.159  per  cent. 

Curvature  at  ruling  point  6  deg.  and  8  deg.  for  short  train. 
Curvature  at  ruling  point  7  deg.  45  min.  and  5  deg.  49  min.  for 
long  train. 

135.  Thus,  in  Fig.  15,  10  spaces  are  laid  off  representing  10 
cars  and  the  ordinate  indicates  an  adjustment  of  69  tons  or,  divid¬ 
ing  by  the  number  of  cars,  69 10  =  6.9  or  7  tons  per  car.  It  is 
observed  that  14  cars  or  998  tons  represents  the  average  weight 
of  the  maximum  short  trains.  Therefore,  they  comprised  998+ 
(14  X  7)  =  1096  adjusted  tons. 


56 


136.  The  make-up  of  the  long  trains  consisted  of  23  cars  or 
936  tons,  which  with  7  as  an  adjustment  factor,  indicates  a  train 
of  936-}- (23  X  7)  =  1097  adjusted  tons.  The  maximum  adjusted 
tonnage  which  the  given  locomotive  is  thus  capable  of  hauling 
for  both  long  and  short  trains,  is  1096  tons. 


The  computations  may  be  expressed  as  below  : 


Short  Train 

Long  Train 

Number  of  cars . 

Gross  weight  of  train  . . . 

i 

Ns  1  N. 

8  1  W  L 

w„  1  Wtl 

1 

1 

Adjusted  tonnage . . . 

. . . . . . . 

K  =  car  factor  or  adjustment  factor. 


W.  --  Wl 

N,  — Ns 


W8+  (NsxK)  =Wts 

Wi.  -f  (N.xK)=Wtl 


Substituting  the  assumed  values  we  have: 


998  —  936 
23  —  14 

Taking  the  whole  number  7  as  a  convenient  car  factor  to  use, 
we  have: 

998-}- (14  X  7)  =  1096  adjusted  tons 

and 

936 -f- (23  X  7)  =  1097  adjusted  tons 
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Fig.  15. 

DIAGRAM  OF  ADJUSTMENT  FACTOR. 

The  adjustment  or  car  factor  as  obtained  from  the  diagram  is 694-10.  This  is  taken  as  the  whole  number, 
7  and  1000  adjusted  tons  is  recommended  for  a  class  H6a  locomotive  over  this  ruling  point. 
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Winter  Tonnage  Rating. 

137.  During  the  tests  on  the  Philadelphia  Division  Low 
Grade  Line  in  1907,  it  was  found  that  the  resistance  of  the  trains, 
in  pounds  per  ton,  reduced  to  that  for  a  level  tangent,  increased 
as  the  trains  ascended  the  25-mile  Cresswell  grade.  See  Fig.  5. 
This  was  clearly  a  temperature  effect,  although  the  tests  were  made 
in  mild  weather  with  temperatures  above  45  degrees  Fahr.  The 
effect  was  noticeable  even  during  days  when  the  temperature  was 
above  70  degrees  Fahr.,  and  is  accounted  for  by  the  fact  that  these 
trains  were  run  from  Enola  to  the  foot  of  the  grade  (about  35  miles) 
at  an  average  speed  of  20  m.p.h.,  and  when  beginning  to  ascend  the 
grade  the  speed  immediately  fell  to  10  m.p.h.,  and  the  journals 
commenced  to  cool  down.  The  journals  reached  their  minimum 
temperatme  near  the  top  of  the  grade;  and  it  was  at  this  point 
that  the  highest  resistance  occurred. 

138.  In  Fig.  16  are  shown  the  results  of  tests  made  in  the 
winter  of  1912.  In  this  diagram  no  attempt  is  made  to  show 
the  increase  in  resistance  with  the  drop  in  temperature,  but 
the  diagram  is  presented  to  bring  out  the  fact  that  journal 
temperature  depends  to  a  great  extent  on  the  speed  of  the  train. 
The  temperature  of  the  journal  increases  until  the  rate  of  heat 
production  in  the  bearing  equals  the  rate  at  which  the  heat  is 
dissipated.  At  this  point  the  bearing  temperature  becomes  con¬ 
stant  and  the  resistance  reaches  its  minimum  value.  The  heat 
dissipation  is  accomplished  by  the  air  moving  over  the  journal 
box,  wheel  and  axle.  The  rate  of  dissipation  varies  with  the 
difference  between  the  temperature  of  the  bearing  and  the  sur¬ 
rounding  air,  and  therefore  at  a  given  rate  of  heat  dissipation  the 
journal  temperature  at  a  given  speed  is  lower  and  the  minimum 
viscosity  of  the  oil  greater  in  cold  weather  than  in  warm  weather. 

For  these  reasons  the  minimum  resistance  obtained  in  cold 
weather  is  greater  than  in  warm  weather. 

139.  The  temperature  below  which  this  effect  is  most 
noticeable  is  about  40  degrees,  judging  from  the  practical  results 
obtained  by  operating  officials  in  their  efforts  to  adjust  tonnage 
ratings  to  suit  temperature  conditions. 


} 
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Fig.  16. 

RELATION  OF  JOURNAL  TEMPERATURE  TO  SPEED. 

When  the  ascending  grade  is  reached  and  the  speed  drops,  the  temperature  of  the  car  journals  decreases. 
The  temperature  of  the  dynamometer  car  journal  was  taken  by  means  of  a  thermo  couple  v/hich  was  inserted  in 
'  one  of  the  journal  brasses. 
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140.  No  data  are  available  from  which  the  relation  of  train 
resistance  to  outside  temperature  can  be  determined,  and  from  the 
very  nature  of  the  factors  which  influence  journal  temperature  it 
is  impossible  to  assign  fixed  values  for  which  the  car  resistance  at 
any  given  temperature  can  be  obtained.  These  factors  are  de¬ 
pendent  on  variable  conditions  to  which  the  trains  are  subjected 
on  a  division;  thus  a  certain  train  may  be  started  from  a  terminal 
without  any  trouble  owing  to  the  easy  grade  and  the  rapid  in¬ 
crease  in  speed,  warming  the  oil  in  the  boxes.  After  running  for 
some  miles  from  the  start  the  journals  may  be  at  nearly  as  high  a 
temperature  as  in  summer  weather  and  the  oil  may  be  flowing 
freely.  If  now  the  train  takes  a  siding  and  stands  long  enough  for 
the  boxes  to  cool  to  outside  temperature,  a  great  increase  in  re¬ 
sistance  may  be  expected  and  the  grade  conditions  after  passing 
this  siding  may  be  such  that  the  journals  cannot  be  warmed  up 
before  a  grade  is  reached  upon  which  the  train,  with  the  car 
journals  cold,  will  stall. 

141.  The  following  figures  obtained  on  the  Low  Grade  Freight 
Line  show  the  increase  in  resistance  due  to  the  cooling  of  the  car 
journals  at  a  stop.  These  figures  are  based  on  level  tangent  track 
and  were  obtained  on  the  sections  of  track  adjoining  SF  and  Q 
Towers  (Fig.  5).  The  average  weight  of  the  cars  making  up  the 
trains  was  72  tons. 


Effect  of  a  Stop  in  Increasing  Resistance. 


Speed 

Miles  per  Hour 

Air 

Temp. 

Degrees 

Resistance 

Lbs.  per  Ton 

Increase 

in 

Resist¬ 
ance,  in 
Per  Cent. 

1  Time 
!  Stand- 

Temperature  of 
Dynamometer 
C.AR  Journal 
While  in  Motion 
Degrees  F. 

Approaching 

Tower 

Beyond 

Tower 

Before 

Stop 

After 

Stop 

'  ing 

>  Minutes 

Stop  at 

Q  Tower 

1 

Before 

Stop 

After 

Stop 

13.5 

8.2 

12 

4.05 

4 . 75 

18 

I 

1  8 

86 

• 

70 

Stop  at  SF  Tower 

1 

12.8 

7.1 

20 

• 

3.26 

4.05 

21 

14 

101 

74 

14.0 

10.0 

29 

2.99 

3.27 

10 

14 

105 

83 

10.0 

10.0 

70 

2.99 

3.05 

2 

10toi5 
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142.  The  following  table  shows  the  resistance  in  pounds  per 
ton  for  cars  of  72  tons  weight  over  the  same  stretch  of  track  and 
at  different  air  temperatures.  The  speed  on  these  tests  was  from 
10  to  12  miles  per  hour,  taken  on  a  0.3  per  cent,  grade,  the  figures 
given,  however,  are  based  on  level  tangent  track. 


Tangent  Beyond  SF  Tower. 
(Trains  stopped  at  SF  Tower.) 


Resistance 

Pounds  per  Ton 

Air 

Temper¬ 

ature 

Degrees 

Increase  over 
Summer  Resist¬ 
ance  IN  Per 
Cent. 

Time  Standing 
AT  Tower 
Minutes 

3.05 

70 

• 

10  to  15 

3.27 

29 

7.2 

14 

4.05 

12 

32.0 

14 

Tangent  Approaching  Q  Tower. 
(No  stop  made  during  the  preceding  hour.) 


3.17 

70 

3.21 

29 

. 

1.6 

3.68 

20 

16.0 

4.05 

12 

28.0  ' 

Tangent  Beyond  Q  Tower. 
(No  stop  at  Q  Tower.) 


3.20 

70 

3.36 

29 

5.0 

3.69 

20 

15.3 

On  the  tangent  after  passing  SF  Tower  the  car  journals  were 
not  up  to  normal  nmning  temperature  on  account  of  the  stop 
made  at  the  tower.  The  figures  given  for  the  tangents,  before 
and  after  passing  Q  Tower,  were  obtained  after  the  train  had  been 
in  motion  for  one  hour  at  an  average  speed  of  10  m.p.h. 

1 43.  From  the  foregoing  it  is  evident  that  the  proximity  of  the 
operating  stops  to  the  heavy  grades  on  a  division  have  an  im¬ 
portant  bearing  on  the  amount  of  reduction  in  tonnage  which 
should  be  made  in  cold  weather. 
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144.  Three  methodsrby  which  a  reduction  in  train  load  may 
be  made  for  cold  weather  are  shown  in  the  following  table: 

Methods  for  Reducing  Tonnage  in  Coi,d  Weather. 


Elements  Involved 
IN  Tonnage  Rating 

Method  A 

Method  B 

Method  C 

Car  Factor 

Same  as  in  Sxtmmer 

Increased 

Increased 

Resistance  per  car..  ■ 

■ 

Constant  increase  in  1 
percentage  for  ail  } 
weights  of  cars.......  | 

Constant  number  of 
pounds  increase  for 
all  weights  of  cars. _ 

Increased  in  inverse 
proportion  to  the 
weight  of  the  car. 

Drawbar  pull  of ) 
locomotive . J 

f 

Same  as  in  summer . 

Same  as  in  summer _ 

Less  than  in  summer. 

Pull_  required  per  1 
adjusted  ton . J 

Increased-. 

Sc.me  as  in  summer 

Less  than  in  summer. 

Total  adjusted  ton¬ 
nage . 

Percentage  r  e  d  u  c  -  1 
tion  from  summer  • 
rating . 

Same  as  in  summer . 

Same  as  in  summer. 

145.  No  test  results  are  available  to  determine  definitely 
which  of  the  above  methods  gives  correct  results.  The  methods 
B  and  C  involving  the  u^  of  a  variable  car  factor,  if  carefully 
adhered  to,  would,  in  cold  weather,  render  necessary  a  change  in 
the  factor  many  times  a  day  and  the  possible  use  of  fractional 
car  factors. 

146.  It  is  evident  that  the  use  of  a  constant  car  factor  (method 
A)  for  all  weather  conditions  and  a  percentage  reduction  in  the 
adjusted  tonnage  to  provide  for  various  air  temperatures  is  the 

'  most  practical.  Obviously  this  percentage  reduction  for  a  given 
temperature  cannot  be  the  same  on  all  divisions  and  can  be 
satisfactorily  made  only  when  the  operating  conditions  on  a  divi¬ 
sion  are  carefully  considered. 

147.  The  present  practice  on  the  Pennsylvania  Railroad  in 
winter  ratings  is  to  reduce  the  total  adjusted  tonnage  as  hauled  in 
summer  weather  and  maintain  a  constant  car  factor  for  all  weather 
conditions.  The  percentage  by  which  the  total  adjusted  tonnage 
is  cut  to  suit  the  weather  conditions  is  shown  in  the  following 
table,  which  is  an  average  of  the  practice  on  13  different  divisions : 
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Average  Tonnage  Reductions  on  13  Divisions. 


Temperature  Range,  Degrees  Fahr. 

Reduction  below  Summer  Rating,  Per  Cent. 

45—35 

6 

35—25 

13 

25—15 

18 

15—  5 

26 

5—  0 

33 

Storm  Rating.... . 45 


148.  On  nine  of  the  divisions  represented  in  the  above 
averages  no  cut  is  made  in  the  tonnage  until  the  temperature 
drops  below  45  degrees.  Two  divisions  make  a  cut  when  the 
temperature  drops  below  40  degrees.  One  division  makes  a  cut 
in  tonnage  when  the  temperature  falls  below  30  degrees,  and  one 
division  when  the  temperature  drops  below  25  degrees. 

149.  The  probable  increase  in  level  tangent  resistance  at 
dilferent  air  temperatures  is  shown  in  Fig.  17.  One  of  the  curves 
is  derived  from  the  tests  made  on  the  Low  Grade  Freight  Line 
(Par.  138),  and  is  based  on  the  level  tangent  resistance  after  the 
train  had  been  running  for  approximately  one  hour  at  an  average 
speed  of  from  8  to  10  miles  per  hour.  Although  no  tests  were 
made  below  a  temperature  of  12  degrees  Fahr.,  the  indications  are 
that  at  zero  degrees  there  would  be  an  increase  in  train  resistance 
of  about  50  per  cent.  In  this  same  figure  is  shown  the  increase 
in  train  resistance  based  on  the  average  tonnage  reductions,  which 
are  made  on  13  divisions  of  the  Pennsylvania  Railroad.  It  should 
be  noted,  however,  that  in  this  curve  no  allowance  is  made  for  the 
grade  conditions  on  these  different  divisions.  The  reduction  in 
tonnage  on  account  of  temperature  on  gi  division  on  which  the 
grades  are  comparatively  easy  will  be  greater  than  on  a  division 
of  heavy  grades,  for  the  reason  that  the  grade  resistance  of  itself 
has  a  constant  value  for  all  temperatures  and  on  heavy  grades 
forms  a  larger  proportion  of  the  total  train  resistance,  whereas, 
on  comparatively  level  track,  the  resistance  due  to  low  tempera¬ 
ture  forms  a  large  proportion  of  the  total  train  resistance. 
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Fig.  17. 

TEMPERATURE  AND  TRAIN  RESISTANCE. 

With  a  correct  rating  for  summer  temperature,  a  reduction  may  be  necessary  for  temperatures  below  45“  F. 
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150.  A  detailed  statement  of  the  tonnage  ratings  that  have 
been  established,  has  been  prepared  by  the  General  Manager  in  a 
form  known  as  C.T.  200  which  shows,  for  each  division,  the  rating 
of  each  class  of  locomotive  in  use  with  the  modifications  of  tonnage 
that  are  to  be  made  on  account  of  weather  or  other  limiting  condi¬ 
tions. 

C.  D.  YOUNG, 

Engineer  of  Tests. 

Approved : 

J.  T.  Wallis, 

General  Superintendent  Motive  Power. 

Test  Department, 

Altoona,  Penn  a., 

October  15,  1915. 
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